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The  peculiar  character  of  tlie  volume  now  fiabmitted  to  the 
scientific  world  imperatiyely  demands  a  ftdl  accoimt  of  the  views 
which  have  led  the  author  to  adopt  the  system  of  arrangement 
pursued  in  the  following  pages. 

The  great  number  of  works  hitherto  published  on  the  various 
l>ranche3  of  meehanical  engineering  may  generally  be  classed 
tinder  two  heads — viz.,  elementary  works^  describing  the  general 
principles  and  forms  of  steam-engines,  and  complete  treatises, 
including  detailed  descriptions,  scientific  disquisitions,  and  rules 
for  calcidating  the  proportions  of  various  machines;  the  latter 
class  also  occasionally  touching  upon  manufactures.  There  ap- 
peared,  however,  to  be  a  very  obyous  chasm  in  the  literature  of 
mechanical  engineering,  some  treatise  being  required  possessing 
the  following  qualifications : 

Practical  method,  portability,  conciseness,  and  the  exclusion  of 
all  unnecessary  matter ;  the  subject-matter  comprising  all  the  gen- 
eral operations  connected  with  mechanical  engineering,  the  scien- 
tific principles  and  examples  illustrating  the  present  condition  of 
mechanical  engineering.  In  the  hope,  therefore,  of  supplying 
to  practical  engineers  and  to  students  such  a  work  the  preset 
treatise  has  been  written. 

The  account  of  the  processes  which  constitute  the  manufacture 
of  iron  commences  with  an  introduction  setting  forth  the  natural 
condition  of  the  minerals  from  which  the  metals  of  commerce 
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are  derived,  and  enumerating  the  operations  conducted  in  the 
fieujtory. 

In  the  first  chapter,  the  metallurgy  of  iron,  copper,  lead,  tin,  and 
zinc  is  considered ;  the  nature  and  localities  of  the  various  metal- 
liferous  ores  being  described,  and  also  the  practical  methods  most 
usually  employed  for  the  reduction  of  metals  to  the  conditions  in 
which  they  occur  in  commerce ;  the  apparatus  required,  and  the 
principles  upon  which  their  action  depends,  and  the  mode  of 
working  them  being  also  included. 

Then  follows  a  description  of  the  various  processes  of  forging 
and  of  the  instruments  used  by  the  smiths.  After  which  the 
construction  of  patterns,  the  methods  of  forming  moulds  of  various 
Idnds;  and  of  casting  metals,  are  discussed. 

The  form  and  action  of  the  cutting-tools  of  the  engineer  have 
been  carefully  detailed,  a  thorough  knowledge  of  the  reqtdrements 
which  must  be  satisfied,  in  order  to  secure  their  correct  action, 
being  most  important,  though  a  proper  appreciation  of  the  forms 
of  the  principal  machine  tools  is  scarcely  less  necessarj ;  where- 
fore some  sound  examples  of  turning-lathes,  shaping,  slotting, 
drilling,  planing,  and  other  machines,  have  been  illustrated  and 
described.  As  a  sequel  to  the  foregoing  descriptions,  an  account 
of  workshop  manipulation  is  ^ven,  so  fiir  as  it  admits  of  de- 
scription. 

The  physical  basi^  of  the  steam-engine  is  next  considered,  the 
more  refined  methods  of  analysis  being  avoided,  so  as  to  retain  a 
strictly  practical  character.  Dr.  Joule's  equivalent  for  the  calcula- 
tion of  the  amount  of  work  to  be  obtained  ifrom  a  given  quantity 
of  h^at  is  inserted,  forming,  as  it  does,  a  convenient  means  for  the 
expression  of  quantities  of  heat.  But  it  is  derived  from  exp^ri- 
ments  upon  the  amoimt  of  heat  generated  by  firiction  of  liquids ; 
0  and,  therefore,  the  author  does  not  feel  justified  in  considering  its 
application  to  thermo-motive  engines  demonstrated,  the  facts  ex- 
tant being  insufficient  for  this  purpose.    Stimer's  and  Isherwood's 
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ezpenments  on  the  practical  utility  of  using  steam  expansively 
have  also  been  discussed  at  some  length. 

In  the  chapter  on  the  Prinoiples  of  Mechanical  Construction,  an 
attempt  has  been  made  so  to  generalize  the  theory  of  the  action 
of  levers^  hydrostatic  presses^  &a,  as  to  replace  by  a  simple  calcu- 
lation, easily  remembered  and  applied,  the  numerous  rules  and 
formula  which  have  hitherto  been  so  abundantly  supplied  for 
levers,  divided  into  various  orders,  and  for  other  machinery,  and 
which,  being  generally  given  without  any  notice  of  the  reasoning 
upon  which  they  are  based,  cannot  be  remembered,  and  frequently 
serve  but  to  confuse  the  reader.  The  laws  of  falling  bodies  of 
rotatory  motion,  &c.,  are  also  explained. 

The  general  forms  of  steam-engines,  and  principles  of  steam- 
boilers,  and  qualifications  of  various  kinds  of  engines  are  briefly 
treated;  followed  by  lengthy  accounts  of  the  form  and  manufac- 
ture  of  eaich  principal  element  of  the  steam-engine,  after  which 
the  form,  action,  and  manufacture  of  various  kinds  of  pumps  and 
valves  ve  treated. 

Practical  formulsd  for  the  length  of  boilers,  descriptions  of 
various  kinds  of  boilers,  and  of  the  modes  of  constructing  them, 
also  accounts  of  the  paddle-wheel,  screw,  and  hydraulic  propellers, 
with  miscellaneous  remarks  upon  some  of  the  applications  of 
steam-power,  have  also  received  due  attention;  and  particular 
stress  is  laid  upon  the  necessity  of  having  *  reliable  experiments 
upon  steam-engines,  and  attention  is  drawn  to  the  inferiority  of 
modem  engines  in  point  of  economy.  It  is  indeed  a  fact  much 
to  be  regretted,  that  notwithstanding  the  researches  of  scientific 
men,  and  the  labors  of  practical  engineers,  no  improvements  have 
been  made  in  the  economy  of  the  steam-engine  since  1845.  The 
remainder  of  the  work  is  occupied  by  descriptions  of  examples  of 
pumping,  rotative,  marine,  locomotive,  traction,  and  st^am  fire- 
engines,  eoncluding  with  a  Glossary  of  the  technical  terms  used 
throughout  the  work. 
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As  in  the  account  of  the  metallurgy  of  iron  notice  has  been 
taken  of  the  effects  of  various  foreign  ingredients  with  which  th^ 
iron  of  commerce  is  always  more  or  less  contaminated,  it  has  been 
thought  advisable  to  add  an  Appendix,  containing  the  various 
methods  of  analyzing  chemically  the  various  ores  of  iron  and 
specimens  of  iron,  so  as  to  enable  those  who  may  feel  disposed  to 
examine  for  themselves  such  samples  as  may  come  under  their 
notice. 

The  examples  of  the  machinery  illustrated  have  been  carefdlly 
selected,  and  every  means  taken  to  secure  correctness  of  the 
Plates. 

The  thanks  of  the  Author  are  due  to  many  scientific  gentlemen 
who  have  assisted  him  with  plans  and  information ;  especially  to 
Thomas  Wicksteed,  Esq.,  for  the  plains  of.  the  large  pumping- 
engine  at  the  Grand  Junction  Water- works,  designed  by  him  in 
1845 ;  the  Bolton-and-Watt  pumping-engine  at  the  East  London 
Water-works,  erected  in  1829 ;  Cornish  boiler  now  erecting  at  the 
Scarborough  Water- wo/ks ;  also  for  valuable  information  concern- 
ing the  above,  and  the  new  pumping-engine  now  erecting  at  the 
Scarborough  Water- works.  To  C.  G.  Gumpel,  Esq.,  for  plans  of 
his  hydraulic  propeller,  information  concerning  the  same,  and  exr 
periments  performed  for  the  Author's  information  upon  the  same. 
Also  to  Messrs.  PuUan  and  Lake  for  plans  of  their,  new  patent 
agricultural  locomotive,  and  for  the  information  respecting  the 
same  and  their  new  traction  engine.  .  , 


Westutnsteb, 

Januartft  1863. 
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TO  THE  AMERICAN  EDITION. 


-*  ♦»»>■ 


With  a  view  to  add  to  the  Tisefulness  of  Campin's  valuable 
treatise  on  Pbactical  Mechanical  ENGiNESRiKa/the  American 
publisher  haa  added  to  it : 

"  Observations  on  the  Construction  of  Steam-Boilers ;  Bemarks 
upon  Furnaces  used  for  Smoke  Prevention,  and  on  Explosions " 
By  Robert  Armstrong,  C.  E.  Revised,  .with  Notes,  by  John  Bourne. 
"  Rules  for  Calculating  the  Change  Wheels  for  Screws  on  a  Turn- 
ing Lathe,  and  for  a  Wheel-cutting  Machine."  By  J.  La  Nioca. 
And  **  The  Management  of  Steel,  including  Forging,  nardening, 
Tempering,  Annealing,  Shrinking,  and  Expansion,  and  the  Case- 
hardening  of  Lron."    By  George  Ede. 

In  its  present  form,  he  feels  quite  confident  that  it  will  prove  to 
be  one  of  the  most  important  additions  to  the  literature  of  Prac- 
tical Mechanics  ever  made  within  the  limits  of  a  single  volume  in 
the  United  States. 


pHII.iJ>KLPHIA, 

November  2, 1863. 
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INTEODUCTION. 


Ik  tbe  following  pages  ire  purpose  to  treat  of  the  rariotiB  pro- 
oeaae^  and  manipulations  which  the  materials  employed  in  the 
oonstmction  of  steam-engines  and  other  machinery  most  undergo 
before  the  complete  machine  can  be  produced.  We  think  it 
desirable^  before  proceeding  with  a  practical  description  of  these 
processes  and  manipulations,  to  give  a  brief  account  of  the  ord^r 
in  which  they  occur,  and  of  the  ends  which  they  are  intended  to 
fulfil,  to  enable  us  subsequently  to  treat  each  branch  of  the  iron 
mannfitcture  without  touching  upon  collateral  operations. 

Iron,  in  common  with  the  other  metals  generally  used  for  me- 
chanical purposes,  does  not  occur  pure  in  nature,  but  is  invariably 
combined  with  other  substances,  fr6m  some  or  all  of  which  it  must 
be  freed  before  it  is  fit  for  the  purposes  of  commerce.  In  order  to 
remove  these  foreign  ingredients  from  the  ores  or  minerals  in 
which  the  yarious  metals  occur,  sundry  chemical  and  mechanical 
processes  are  required.  In  the  first  instance,  it  is  necessary  to 
remove  the  excess  of  argillaceous  matrix  with  which  many  ores 
are  contaminated.  Some  are  subsequently  roasted,  to  expel  moist- 
tune^  &c. ;  after  which  the  ores  may  be  smelted,  in  order  to  obtain 
in  a  state  of  greater  or  less  purity, — ^according  to  circumstances,— 
the  metals  contained  in  them.  This  process  of  smelting  is  of  a 
chemical  character,  and  consists  principally,  in  the  case  of  iron, 
in  depriving  the  metallic  oxide  of  its  oxygen,  which  is  effected  by 
moans  of  carbon  at  a  high  temperature,  which  has  a  greater  affinity 
£a^  that  element  than  has  the  ferruginous  material.  In  the  case^ 
2  17 


18  INTBODUCnOK. 

howerer,  of  ores  consisting  of  metallic  sulphides,  a  somewhat 
different  coarse  is  requisite;  as  will  be  hereafter  explained. 

After  smelting,  iron  is  usuallj  obtained  as  cast*iron,  whichy 
when  bar-iron  is  required,  must  undergo  some  further  purification. 
We  may  here  pause  to  explain  the  physical  and  chemical  dis- 
tinctions existing  between  cast  and  wrought-iron.  Cast*iron  con* 
tains  many  impurities,  consisting  principally  of  silicon,  manganese, 
carbon,  sulphur,  phosphorus,  aluminium,  and  sometimes  traces  of* 
copper,  arsenic,  and  other  foreign  metals.  Most  of  these  elements 
may  be  removed  by  oxidation  in  the  form  of  slag,  and  in  the 
removal  of  the  impurities  chiefly  consists  the  conversion  of  cast* 
iron  into  wrought-iron;  and  the  process  may  be  conducted  by 
exposing  a  large  sur&ce  of  the  heated  metal  to  the  oxidizing 
influence  of  the  atmospheric  air. 

Another  material  which  we  must  here  mention  is  steel,  lliis 
consists  of  nearly  pure  iron,  combined  with  a  small  portion  6f  car* 
bon,  and  perhaps  of  nitrogen  also.  The  subject  of  the  action  of 
nitrogen  in  the  production  of  acieration,  as  the  conversion  of  iron 
into  steel  is  termed,  is  a  point  upon  which  there  has  recently  been 
much  discussion,  and  some  very  interesting  experiments  by  MM. 
Caron  and  Fremy.  The  latter  has  found  that  by  exposing  pure 
iron  at  a  high  temperature  to  the  action  of  ammonia,  nitrogen  is 
thereby  absorbed,  which  enables  the  metal  subsequently  to  take 
up  a  portion  of  carbon  from  certain  carburetted  gases.  This  effect, 
however,  is  not  well  accounted  for,  as  it  is  not  by  any  means 
proved  that  cyanogen  is  formed  during  the  operation ;  we  must^ 
therefore,  for  the  present,  content  ourselves  with  the  fact  that  steel 
is  thus  produced,  waiting  for  further  experiment  to  Explain  the 
theory  of  its  production.  * 

It  is  not  to  be  expected  that  a  quantity  of  foreign  elements  will 
exist  alloyed  or  combined  with  a  metal,  without  producing  a  very 
marked  change  in  its  physical  properties ;  and  thus  we  find  that 
cast-iron  is  very  widely  different  in  its  nature  fro^a  wrought-iron. 
Cast-iron  is  granular,  brittle,  rigid,  elastic,  and  offers  but  little 
resistance  to  tensile  force,  although  it  well  withstands  compression; 
whereas,  on  the  other  hand,  wrought-iron  is  fibrous,  tough,  flexible, 
offers  great  resistance  to  tensile  forc^  but  not  so  much  to  com* 
pressive  force.  These  are  the  general  characteristics  of  the  two 
materials ;  but  various  specimens  of  them  exhibit  different  d^^es 
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of  strength,  according  to  their  oomposition.    Phoflphoms,  sulphur, 
and  silicon  appear  to  be  highly  injurious;   whereas  titanium, 
nickely  and  perhaps  manganesei  eaert  a  contrary  action.    Steel, 
besides  possessing  in  a  high  degree  the  qualities  of  wrought-iron, 
when  in  a  soft  state,  admits  also  of  being  raised  to  various  degrees 
of  hardness.    The  processes  of  hardening  and  tempering  are  rery 
simple,  and  are  thus  conducted : — The  steel  to  be  hardened,  haying 
been  raised  to  a  red-heat,  is  plunged  into  water,  or  other  cooling 
medium,  whereby  a  very  great  state  of  hardness  is  obtained.    The 
fracture  is  then  crystalline.    Steel  in  this  condition  is  unfit  for  the 
generality  of  purposes,  and  therefore  requires  to  be  tempered  pre- 
vious to  use ;  to  eflBsct  this,  it  is  gradually  heated,  becoming  the 
softer  the  higher  the  temperature  to  which  it  is  raised ;  the  proper 
point  of  temper  is  ascertained  by  the  color  exhibited  by  a  film 
of  oxide,  which  forms  on  the  exterior  of  the  metal.    This  color  is 
probaUy  produced  by  the  interference  of  light,  which  is  caused 
by  a  ray  of  light  striking  the  upper  surface  of  the  film,  a  part 
of  it  being  immediately  reflected,  whilst  another  portion  passes 
through  the  film  with  refraction,  and  is  reflected  from  its  lower 
surfSace,  when,  if  the  film  be  thin,  it  fluently  hi^pens  that  some 
of  the  component  rays  reflected  from  the  lower  surface  interfere 
with  and  neutralize  some  of  those  previously  reflected  from  the 
upper  surface.    Steel  works  for  various  purposes  are  thus  with 
certainty  prepared  with  the  proper  temper :  for  coach-springs  and 
similar  articles,  it  is  tempered  to  a  blue  tint;  for  small  springs, 
Buch  as  the  spiral  and  blade  springs  made  in  the  smaller  ma* 
cbinery,  the  metal  is  raised  to  such  a  heat  as  will  impart  to  it  a 
pale-blue  tint ;  for  cutting-tools,  the  color  is  straw-yellow,  vary- 
ing in  shade  according  to  the  manner  in  which  the  tool  is  to 
be  used. 

We  must  now  offer  a  few  remarks  upon  the  other  materials 
with  which,  subsequently,  we  shall  have  to  deal.  Copper,  as  used 
in  commerce,  is  prepared  in  a  state  of  comparative  purity ;  but  the 
processes  required  for  its  reduction  are  exceedingly  complicated, 
fire  or  six  operations  in  reverberatory  furnaces  being  necessary 
tofr  the  reduction  of  sulphide  of  copper.  The  metal  is  ductile,  but 
leqnires,  when  being  worked,  to  be  frequently  annealed ;  it  may 
be  wrought  under  the  hammer  cold,  but  works  better  at  a  slight 
elevation  of  temperature.    It  has  been  found  that  the  addition 
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of  a  small  quantity  of  phosphorus  materially  improves  tha 
strength  of  copper  ;  for  although  this  element  is  so  detrimental  to 
iron,  yet  when  it  is  combined  with  copper  in  the  proportion  of  two 
to  four  per  cent,  it  imparts  to  that  metal  considerable  hardness  and 
tenacity ;  its  tensile  resistance  then  becoming  about  four-fiftha  of 
that  of  ordinary  iron/  or  two-thirds  of  that  of  the  Low-Moor  iron* 
plates.  Alloys  of  copper  with  aluminium  have  the  advantage  of 
homogeneity  and  tenacity ;  but  from  the  fact  that  aluminium  is 
powerfully  affected  by  alkaline  substances,  its  use  is  for  many  pur* 
poses  precluded.  Copper,  when  combined  with  about  four  per 
cent,  of  silicon,  possesses  the  hardness  of  steel  and  the  tenacity  of 
wrought-iron,  and  if  this  alloy  could  be  manu&ctured  on  a  large 
scale  with  convenience,  it  would  doubtless  be  found  applicable  to  a 
great  variety  of  purposes.  It  may  be  interesting  here  to  mentibn 
the  method  of  combining  the  phosphorus  and  copper,  as  advised 
by  F.  A.  Abel,  Esq.,  Director  of  the  Chemical  Establishment  of 
the  War  Department.  The  phosphorus  should  be  coated  with 
copper  by  immersing  tlie  pieces  in  a  solution  of  sulphate  of  copper ; 
after  which  process  they  may  be  handled  with  perfect  safety,  and 
when  they  are  thrown  into  the  molten  ipetal,  the  teternal  film  of 
copper  will  efficiently  protect  them  from  oxidation  during  the  very 
short  period  required  for  combination.  One  of  the  most  important 
alloys  of  cop^r  is  brass,  though  gun-metal  'is  perhaps  almost  as 
extensive  in  its  applications.  The  strength,  however,  of  brass  is 
xiot  by  any  means  equal  to  that  of  the  phosphorus  and  copper  alloy. 

The  metals,  tin,  lead,  and  zinc,  will  also  demand  some  considera* 
tion,  but  it  is  unnecessary  here  to  comment  farther  upon  them. 

Having  concluded  our  introductory  remarks  upon  the  earlier 
processes  of  metallurgy,  we  may  proceed  to  mention  the  branch  of 
manu&cture  of  which  we  purpose  next  to  treat.  This  includes  the 
forging  of  metal  both  by  hand  and  by  steam-power;  and  also  the 
various  methods  of  reducing  the  materials  to  the  required  size  and 
form.  In  this  section  we  shall  also  refer  to  the  formation  of  wood* 
patterns,  as  the  models  from  which  castings  are  usually  made  are 
called.  In  this  part  we  shall  most  particularly  explain  the  con- 
struction and  method  of  using  the  tools  and  machinery  with  which 
the  workmen  must  be  provided,  in  order  accurately  to  execute  the 
manipulations  with  which  they  are  engaged.  • 

Our  next  subject  will  comprise  the  theory  or  principles  upon 
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which  the  oonstruotion  of  the  steam-engine  generally  is  based,  as 
abo  that  of  other  xnaohinerj ;  but  we  shall  not  seek  here  to  enter 
into  Tery  elaborate  arguments  or  demonstrations,  but  rather  to  ex- 
plain  in  the  simplest  and  most  succinct  manner  well-established 
&ctBy  with  which  it  is  important  for  ererj  practical  man  to  be  ac* 
quainted.  We  shall  also  include  in  ^is  section  simple  rules  for 
proportioning  the  yaribus  parts  of  machinery. 

The  remainder  of  the  work  will  be  occupied  with  descriptions 
of  the  various  fbrms  of  steam-engines  usually  applied  to  manu&o* 
truring,  marine,  and  locomotive  purposes. 

We  will  now  conclude  these  brief  introductory  remarks,  which 
Okay  be  regarded  as  an  account  of  the  branches  of  manipulative 
science  which  we  purpose  discussing,  and  proceed  with  the  detailed 
oonsideration  of  the  same. 
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OK  MSTALLUBOY* 

Befobs  proceeding  with  a  description  of  the  processes  employed 
in  the  metallurgy  of  iron,  it  is  necessary  to  enumerate  the  minerals 
from  which  it  is  usually  obtained.  Those  which  contain  at  least 
twenty  per  cent  of  metsd  are  usually  considered  ores,  but  if  they 
contain  less  they  are  regarded  as  fluxes,  the  use  of  which  in  metal- 
lurgical operations  will  ^bsequently  be  indicated.  Ores  of  iron 
are  very  widely  disseminated,  being  found  as  beds  ip  the  sediment- 
ary rocks,  or  as  veins  and  massive  deposits  in  the  older  forma- 
tions, in  which  position  the  most  valuable  ores  are  obtained.  They 
frequently  occur  beneath  the  coal-meastires,  which  arrangement  is 
exceedingly  convenient,  the  fiiel  for  the  manufEu^ture  being  found 
on  the  same  spot  with  the  ferruginous  minerals.  In  some  of  tUb 
North  American  States,  and  in  other  places,  magnetic  iron-sand 
occurs  in  the'  drift  at  the  foot  of  mountain-ranges,  and  bog-iron 
ores  are  also  occasionally  found  in  a  similar  position.  In  the  cre- 
taceous sjrstem,  large  deposits  of  ferruginous  sand  occur,  but  on 
account  of  their  low  yield  they  have  never  been  extensively 
worked.  Below  the  cretaceous  system  there  are  some  extensfve 
deposits  of  iron,  which  were  formerly  worked  in  Hampshire  and 
Sussex,  the  metals  being  reduced  by  charcoal  supplied  from  the 
neighboring  forests ;  these  are,  however,  at  the  present  day  neg- 
lected. In  Northamptonshire  and  the  Cleveland  district  of  North 
Yorkshire  are  found  beds  of  oolitic  iron-ore,  sometimes  of  a  thick- 
ness of  twenty  feet,  and  affording  in  many  instances  thirty-three 
per  cent,  of  metal.  A  few  thin  beds  occurring  in  the  lias  formation 
have  been  partly  worked  in  Lincolnshire  and  Yorkshire,  but  they 
are  not  rich  in  metal ;  in  this  formation,  magnetic  iron-sand  and 
small  portions  of  hematite  also  occur.  The  iron-works  of  this 
country,  however,  are  supplied  principally  from  the  earthy  carbon- 
ates of  the  coal-measures,  from  which  excellent  metal  is  obtained. 

22 
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The  coal-fields  of  South  Wales,  StaflEbidshire,  Yorkshire,  Scot- 
land, North  Wales,  Shropshire,  and  Warwickshire,  contain  abund- 
ant deposits  of  this  ore. 

When  the  iron  ores  have  been  raised  to  the  surface,  the  first 
operation  consists  in  .the  cleansing  of  them.  The  earthy  carbonates 
of  the  coal  formations  are  placed  in  heaps,  and  left  for  several 
months,  after  which  it  will  be  found  that  the  excess  of  adhering 
clay-shale  has  become  separated  by  the  action  of  the  atmosphere, 
leaving  the  ores  clean  and  fit  for  the  flimace.    The  oolitic  ores  and 
the  magnetic  oxides  and  rich  hematites  of  foreign  countries  are 
firequently  cleansed  by  making  use  of  the  superior  specific  gravity 
of  the  ferruginous  portion  of  the  products ;  but  in  England  the 
hematites  undergo  no  other  preparation  than  a  partial  hand-picking 
to  separate  large  masses  of  refu^ie  matter.    We  may  now  explain 
the  theory  of  the  reduction  of  iron.    If.  an  oxide  of  iron  be  highly 
heated  in  convict  with  carbon,  the  latter,  having  a  greater  affinity 
than  the  former  for  oxygen,  takes  it  from  the  ferruginous  oxide, 
thereby  eliminating  the  metal.    It  is,  however,  necessary  to  pro- 
vide some  substance  readily  ftisible,  in  order  to  dissolve  certain 
impurities ;  such  substances  are  called  fluxes.    They  should  be  in- 
capable of  holding  in  solution  any  considerable  quantity  of  iron. 
Chalk  forms  an  excellent  flux,  but  limestone  is  the  cheapest  mate- 
rial, and  therefore  most  firequently  employed.    It  Aiay  be  interest- 
ing here  to  insert  a  list  of  the  ores,  ftiels,  and  fluxes  used  in  some 
of  the  principal  works  of  Oreat  Britain.    At  the  Whitehaven 
£:>xindry,  hematite  ore  of  a  very  pure  character  is  employed,  and  is 
reduced  by  means  of  a  mixture  of  Newcastle  coke  and  coke  manu- 
fiictured  at  the  works  as  fuel,  with  Whitehaven  limestone  and  black 
shale,  consisting  of  clay  and  carbonaceous  matter,  as  fluxes.    A 
sample  of  this  ore  when  dried  contained  sixty-nine  per  cent,  of 
metallic  iron,  generally  pure,  containing  a  large  amount  of  silicon. 
At  the  South-Bank  furnaces  an  earthy  carbonate  of  iron  with  sili- 
cate is  used  containing  thirty-five  per  cent  of  metal,  with  a  hard 
variety  of  coke  as  fliel,  and  dark-gray  limestone  for  flux.    At  the 
Butterley  works,  blue-rake  and  brown-rake  ores  are  used,  the  latter 
containing  about  thirty  per  cent  of  metal ;  Brand's  hard  coal  is 
the  fuel,  and  BuUbridge  or  Crawford  limestone  the  flux.  At  Lay's 
iron-works,  a  mixture  of  various  ores  is  employed ;  the  fuel  is  a 
mixture  of  Durham  and  Derbyshire  Thickbone  cokes,  with  Frog* 
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hall  and  Dudley  limeatone  as  flux.  At  the  Heyford  iron-works 
oohrey-brown  ironstone,  o(mtaiimig  ahout  thirty>niue  per  cent,  of 
»  metal,  is  reduced  by  coke  prepared  from  the  coal  of  the  Soutb- 
Torkshire  Eailway  Company,  fluied  mth  limeatone  consisting  of 
an  agglomeration  of  fossil  sl^Ua.  The  Ystalyfera  iron  is  produced 
from  clay,  iron-stone,  and  hematite,  the  fiiel  being  anthracite  coal, 
and'  the  flux  a  light-colored  limestone.  These  remarka  are  ex- 
tracted from  the  recent  Report  on  Cast-iron,  ordered  by  the  Hooso 
of  Commons  to  be  printed,  on  July  SOth,  1868.  We  may  nov 
pass  on  to  describe  the  ordinary  process  of  smelting.  For  the 
reduction  of  iron  a  blast-fnmaoe  is  nsed  of  the  form  shown  in 
Plate  L ,-  bnt  previous  to  smelting  the  ore  it  is  sometimes  necessary 
to  calcine  it,  which  is  effected  in  a  kiln  of  the  form  shown  at  Fig. 
1.    The  kiln  in  which  the  ore  is  calcined  is  usually  bnilt  in  the 
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rear  of  the  blagt-fomace,  the  general  form  being  that  at  the  in- 
verted frufitram  of  a  cone ;  the  diameter  at  top  is  usually  about 
eight  or  nine  feet,  and  the  hraght  fourteen  or  fifteen  feet,  with  a 
bottom  width  of  two  feet.  At  the  bottom  of  the  kiln  is  an  aper- 
ture through  which  the  oaldned  ore  may  be  withdrawn>  and  also 
a  nximber  of  apertures  for  the  admission  of  air ;  above  the  kiln 
runs  a  railroad,  along  which  loaded  wa^;ona  pass,  and  deliver  the 
contents  into  the  kiln.  The  general  arrangements  are  best  seen 
from  the  section  above  referred  to. 

When  about  to  operatti  with  a  new  kiln,  the  following  coarse  is 
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ufliially  pursued :  a  fire  is  lighted  on  the  floor,  and  as  soon  as  full 
ignition  is  obtained  other  fuel  is  added,  with  alternate  strata  of  ore,  * 
until  the  kiln  is  filled,  care  being  taken  to  work  the  kiln  so  that  ^ 
tiiese  strata  descend  uniformly,  being  exposed  to  a  higher  tempera- 
ture at  the  upper  part  of  the  kiln,  where  active  combustion  is 
maintained ;  the  temperature  diminishing  as  the  ore  passes  towards 
*  the  aperture,  through  which  it  is  subsequently  withdrawn.  If  the 
operation  of  calcining  be  continuous,  which  is  most  advantageous, 
the  kiln  requires  to  be  filled  regularly  and  continuously  over  its 
entire  area,  as  irregularity  or  negligence  in  conducting  the  process 
of  calcination  will  result  in  loss  of  economy.  It  is  also  necessary 
that  the  ore  should  be  broken  into  pieces  of  uniform  size.  In  some 
districts  the  ore  is  cadcined  in  the  open  air,  but  this  method  of  pro- 
cedure is  far  from  satisfactory.  The  perfect  calcination  results  in 
the  expulsion  of  its  volatile  constituents,  such  as  water,  carbonic 
acid,  sulphur^  and  organic  matter.  By  this  process,  also,  any  pro- 
toxide of  iron  .which  may  exist  in  the  ore  is  converted  into  per- 
oxide. 

Generally  it  is  considered  advisable  to  calcine  ores  of  the  same 
formation  together ;  but  if  any  particular  sample  should  contain 
much  sulphur,  it  is  desirable  to  treat  it  by  itseli^  in  order  to  avoid 
contaminating  cleaner  samples.  The  expulsion  of  sulphur,  when 
it  exists  in  considerable  quantity,  is  facilitated  by  the  introduction 
of  a  jet  of  steam  with  atmospheric  air,  whereby  the  sulphur  passes 
off  in  combination  with  hydrogen,  the  metal  reipaining  oxidized. 

The  calcination  being  completed,  the  ores  are  ready  to  be  sub-  • 
jected  to  the  action  of  the  blast-f  amace.  A  section  of  one  of  these 
structures  is  shown  on  Plate  I. ;  it  consists  of  two  truncated  cones^ 
joined  at  their  widest  extremities;  the  bottom  of  the.fiimace  is 
called  the  hearth,  and  the  lower  part  of  the  lower  oone  the  boshes, 
and  is  constructed  of  fire-brick,  or  of  a  very  refractory  material 
called  fire-stone.  This  part  of  the  furnace  is  subjected  to  a  very 
intense  heat^  and  it  is  therefore  necessary  to  construct  it  of  such 
material  as  may  be  sufiiciently  durable.  Tq  prevent  the  occur- 
rence of  a  sharp  angle  where  the  two  cones  are  joined,  either  a 
curve  or  a  narrow  cylindrical  belt  is  inserted,  whereby  the  edges 
are  rounded  ofl^  and  a  space  formed  which  is  called  the  belly.  Tho 
upper  cone  or  body  of  the  furnace  is  formed  by  an  interior  lining 
of  fire-bricks,  which  is  again  enveloped  in  a  casing  made  up  of 
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broken  scoriae  or  refractory  sand,  vliereby  the  internal  lining  or 
sbirt  of  the  fomace  is  separated  from  the  external  coating  of  fire 
bricks,  which  ia  supported  hy  a  mass  of  masonry  composed  of 
stone  and  common  stock-bricks.  The  opening  at  the  top  of  the 
furnace  ia  called  the  throat  or  tunnel-hole,  and  is  surmounted  by  a 
chimney,  in  which  there  are  openings  through  which  the  ore,  ftid, 
and  flux  are  supplied  to  the  furnace.  Air  is  supplied  to  the  fur- 
nace by  tuyeres  or  "  tue  irons,"  as  they  are  sometimes  called,  con- 
sisting of  nozzles,  through  which  the  blast  is  forced.  In  practice 
it  is  found  advantageous  to  build  the  furnaces  at  the  bottom  of  a 
declivity,  so  that  the  summits  may  be  connected  by  a  bridge  at  the 
neighboring  high  ground,  in  order  to  facilitate  the  supply  of  fuel, 
&c.  J  if,  however,  this  cannot  be  done,  they  must  be  raised  by  an 
inclined  plane,  or  by  a  hydraulic  lift,  or  some  other  convenient 
means.  The  dimensions  of  these  furnaces  differ  widely,  according 
to  the  nature  of  the  product  desired  and  of  the  ores  operated  upon : 
the  height  varying  from  thirty-six  to  seventy  feet,.the  most  com* 
mon  height  being  about  fifty  feet ;  a  furnace  of  this  height  produc- 
ing on  the  average  about  sixty  tons  of  cast-iron  per  veek. 
The  blowing-machine  ordinarily  employed  for  supplying  the 
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blast  to  the  furnace  is  of  the  form  shovn  Fig.  2.  It  consists  of  a 
large  cast-iron  cylinder,  -accurately  bored,  and  provided  with  an 
air-tight  piston ;  the  cylinder  is  closed  at  both  extremities  by  iron 
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covers,  a  stuffing-box  being  attached  to  tbe  npper  cover,  through 
which  the  piston-rod  passes ;  the  whole  forming  a  double-acting 
pump,  driven  bj  a  beun-engine. 

We  will  now  describe  the  method  of  working  practically  the 
blast-furnace.  Let  us  suppose  that  the  furnace  is  newl j  erected. 
It  is  first  requisite  to  light  it  To  prevent  the  masonry  from  being 
exposed  to  the  injurious  influence  of  sudden  heat,  the  lighting  is 
commenced  by  igniting  a  quantity  of  loose  fuel  in  the  arch  form- 
ing the  breast  of  the  furnace.  After  some  days,  when  it  is  suf- 
ficiently heated,  fuel  is  thrown  in  through  the  throat,  and  allowed 
to  rise  as  far  as  the  middle  of  the  boshes ;  when  the  drying  is  still 
further  advanced,  the  whole  internal  cavity  is  gradually  filled  up 
with  fael,  after  which  the  blast  is  gradually  and  cautiously  applied, 
being  supsequently  raised  to  its  full  pressure.  When  the  fuel  is 
sufficiently  sunk,  a  small  charge  of  the  ore  and  flux  is  spread  over 
it ;  after  which,  alternate  layers  of  fuel,  ore,  and  flux  are  added. 
The  blowing-machine  is  almost  invariably  worked  by  steam-power 
and  upon  the  average  it  may  be  calculated  that  one  horse  power  is 
required  in  the  blowing  engine  for  every  two  and  a  half  tons  of 
metal  produced  per  week.  In  one  of  the^elsh  smelting-works 
it  was  found  that  furnaces  producing  sixty  tons  of  cast-iron  per 
week  consume,  on  an  average,  three  thousand  six  hundred  cubic 
feet  of  air  per  minute,  the  power  expended  being  one  horse  for 
every  two  and  a  tenth  tons  of  metal  per  week.  In  the  Continental 
furnaces,  where  charcoal  is  used,  the  blast-pressure  frequently  does 
not  exceed  half  a  pound  per  square  inch.  For  coke,  the  pressure 
is  from  one  and  a  half  to  three  and  a- half  pounds  per  square  inch, 
the  average  being  about  two  and  a  half  pounds.  The  furnaces  are 
sometimes  worked  with  hot  blast,  and  to  heat  the  blast  of  a  furnace 
j)roducing  sixty  tons  per  week  to  the  temperature  of  600^  Fahren- 
heit^ about  thirty-two  tons  of  coals  will  be  consumed  weekly,  being 
a  little  more  than  one-half  the  weight  of  the  metal  produced.  But 
the  blast  is  also  sometimes  heated  by  the  combustion  of  gases 
drawn  off  from  the  upper  part  of  the  furnace,  before  they  have 
become  ignited  by  contact  with  the  atmosphere.  Various  meauA 
of  efG^cting  this  have  been  devised,  but  we  shall  not  here  occupy 
more  space  with  the  description  of  them.  The  cast-iron  produced 
in  the  blast-furnace  is  usually  run  out  into  troughs  formed  in  sand, 
from  the  sides  of  which  smaller  troughs  branch  out.    The  iron 
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formed  in  the  main  troughs  is  termed  "  sow,''  and  that  in  the 
smaller  branches  ''pig/'  which  latter  is  supposed  to  be  of  better 
quality.  Th^  iron  in  this  condition  is  ready  to  be  used  for  cast* 
ings,  or  to  be  converted  into  wrought-iron.  Of  the  former  pro- 
cess we  shall  treat  hereafter :  we  will  now  proceed  to  consider  the 
latter. 

»  There  are  various  methods  employed  for  the  refining  of  iroui 
but  we  shall  here  confine  our  attention  to  the  English  process. 
The  transformation  of  cast  into  wrought-iron  is  effected  by  means 
of  pit-coal  or  coke  in  two  con3ecutive- operations ;  in  the  first  it  is 
heated  in  a  furnace,  which  is  usually  built  on  a  mass  of  brickwork 
about  nine  feet  square,  the  sides  of  the  fireplace  being  formed  of 
hollow  cast-iron  troughs,  through  which  water  is  constantly  circu- 
lating in  order  to  prevent  their  fusion.    The  metal  is  fused  in  this 

t  furnace,  and  subjected  to  the  action  of  the  blast,  whereby  a  consid*- 
erable  portion  of  its  carbon  is  oxidized  and  removed,  and  also 
nearly  the  whole  of  its  silicon.  The  metal,  which  is  usually  cov- 
ered with  blisters,  is  then  run  out  into  flat  moulds.  A  section  is 
shown  at  Plate  IL 

The  further  purificafion  or  puddling  is  conducted  in  a  reverbera- 
tory  fiimace,  when  the  remaining  impurities  are  to  a  great  extent 
removed  by  oxidation.  The  puddling  of  fine  metal  firom  the 
refinery,  is  thus  conducted.  The  sole^  or  centre  part  of  the  furnace, 
is  charged  with  broken  metal,  rich  slag,  and  iron  scales ;  the  doors 
and  sides  of  the  furnace  are  now  closed,  and  Aiel  thrown  on  the 
grate.  When  the  metal  begins  to  melt,  the  door  is  opened  and  the 
charge  continually  stirred  until  it  arrives  at  a  pasty  state,  when 
the  fire  is  lowered.  The  metallic  bath  now  appears  to  boil,  from 
the  evolution  of  carbonic  oxide,  which  bums  on  its  surface  with  ^ 
blue  flame.  The  stirring  of  the  mass  is  then  continued  until  it 
becomes  sandy,  and  subsequently  of  an  uniform  granular  appear- 

/ance.  The  iron  is  now  said  to  work  heavily,  and  a  portion  of  the 
flooria  run^  off;  after  which  the  iron  is  formed  into  b&lls,  heated  in 
the  hottest  part  of  the  furnace^  and  the  slag  expressed  under  a 
hammer  or  squeezer.  The  charge  of  a  puddling-fumace  is  usually 
from  three  and  a  half  to  five  tons.  A  section  of  one  form  of  a 
reverberatory  furnace  is  shown  at  Plate  III. 

We  may  here  mention  Mr.  Bessemer's  process  for  refining  iron. 
This  consists,  fi^tly,  in  running  the  fluid-iron  from  the  furnace 
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into  a  eloaed  or  douI^  closed  Tesael,  after  which  air  is  forced 
through  it,  thereby  affording  oxygen  sufficient  to  caase  oombostioa 
<£  the  iron,  and  the  oxiduion  of  other  impuritieB.  A  seotioa  of 
the  Teasel  used  is  shown. — Fig.  8. 

Fig.  3. 


Kr.  Clay  has  also  proposed  to  refine  iroo  by  a  process  of  granu- 
lation prodnoed  by  dropping  iron  from  the  top  of  a  lofty  tower 
into  a  water-tank,  in  the  same  manner  that  lead  shot  is  cast,  and  it 
is  stated  ^t  by  this  method  so  large  a  sur&ce  is  exposed  to  the 
oxidizing  influence  of  the  air  .that  the  metal  is  podfied  by  the 
oxidation  of  its  foreign  ingredients. 

It  has  also  been  proposed  to  oxidize  the  imparities  by  allowing 
Che  molten  metal  to  &11  upon  a  cone  a  few  feet  from  the  floor, 
whereby  the  cmde  iron  should  become  finely  divided,  thereby 
exposing  a  considerable  sur&ce  to  the  action  of  the  atmosphere. 

Wo  have  yet  to  speak  of  the  formation  of  steel,  but  on  thif 
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subject  we  will  be  eicefedinglj  brie£  The  wroogbt-iroD  iDtended 
to  be  converted  into  steel  is  usoally  drawn  oat  into  bars,  which 
are  sabsequently  packed  in  powdered  charcoal  in  large  oases,  and 
there  exposed  in  a  suitable  furnace  to  a  bright-red  heat^  until  the 
metal  has  taken  up  a  sufficient  portion  of  carbon  to  convert  it  into 
steel.  Steel  may,  however,  also  be  formed  by  subjecting  wrought- 
iron  at  a  high  temperature  to  the  action  of  a  carburetted  gas.  A 
section  of  the  fornace  used  for  this  process  of  cementation  is  shown 
at  Fig.  4. 
We  will  now  turn  our  attention  to  the  metallurgical  operations 
Kg.*. 


required  for  the  manufacture  of  copper.  The  ores  of  copper  are 
principally  found  in  the  primary  and  lower  transition  rocks.  Red 
oxide  of  copper  is  an  ore  of  a  bright-red  color,  specimens  of  which 
may  be  found  in  Cornwall,  Saxony,  France,  Siberia,  Brazil,  and 
the  Lake-Superior  district,  -Black  oxide  of  copper  occurs  in 
granular  masses  of  velvety-black  color ;  it  occurs  in  small  quan- 
tities in  Cornwall,  and  more  abundantly  in  France,  Siberia,  and 
South  Australia ;  but  it  is  found  in  the  largest  quantities  in  the 
Lake-Superior  district.     Carbonate  of  copper  is  commonly  found 
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in  renifonn,  mommillBted,  or  botryoidal  maases.  It  is  found  in 
Siberia,  Soatb  Australia,  and  Cornwall,  and  contains  about  fifty- 
five  per  cent,  of  metallic  copper.  Snlphoret  of  oopper  is  the  most 
aboodant  deposit  of  copper  in  the  whole  world,  and  of  this  many 
species  occor ;  but  the  most  common  ore  in  England  ia  the  sul- 
*  phuret  of  copper  and  iron,  the  extensive  copper  minea  of  Cornwall 
and  Devon  beii^  principally  wrought  npon  this  ore.  The  flret 
procees  of  which  we  have  to  speak  is  the  cleansing  of  the  ores. 
The  ore  ia  first  crushed  and  sifted,  and  subsequently  washed  or 
jigged:  which  conaista  in  placing  the  ore  in  a  sieve  in  a  cistern 
of  water,  and  jerking  it  np  and  down.  By  this  means  the  portions 
of  ore  are  momentarily  suspended  in  the  water,  and  are  presently 
found  to  arrange  ^emselves  with  the  largest  pieces  at  the  bottom, 
and  the  smaller  fragments  above.  The  hand  process  of  jigging  is, 
however,  applicable  only  to  small  pieces  of  ore ;  and  when  larger 
quantitjes  are  to  be  dealt  with,  machinery  driven  by  ateam  or 
water  power  is  aubatituted  for  the  hand-aieve.    The  round  huddle 

Fig.  8. 


i$  also  used  for  cleansing  copper  ores.  This  apparatus,  of  which  a 
section  is  shown  at  Fig.  5,  consists  of  a  conical  bed,  on  the  centre 
of  which  a  stream  of  water  continually  pours,  where  the  ore  ia 
also  supplied,  being  uniformly  distributed  by  means  of  brushes 
suspended  from  arms  on  a  vertical  spindle.  The  specific  gravity 
of  the  ore  on  this  apparatus  determines  its  position,  the  richest 
mineral  being  deposited  at  the  centre,  the  deposit  diminishing  in 
value  towards  the  outer  edge  of  the  huddle,  where  a  broad  ring 
of  tailings,  or  refuse  matter,  is  taken  out ;  the  ores  thus  cleaned 
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are  ready  for  tKe  smeltei'.  The  smelting  of  copper  is  conducted 
in  reverberatoiy  furnaces,  differing  slightly  in  form,  the  treatmmt 
being  complicated,  the  mineral  undergoing  ten  operations.  In  the 
first,  the  ores  are  roasted  or  calcined  in  order  to  volatilize  such  sub- 
stances as  sulphur,  zinc,  arsenic,  antimony,  kc.  .The  second  pro- 
cess consists  of  fdsing  the  calcined  products  with  other  minerals 
not  previously  calcined ;  this  is  called  roasting  for  coarse  metal. 
In  the  next  operation,  the  remaining  sulphur,  which  could  not  be 
driven  off  by  heat  alone,  is  expelled,  it  being  alternately  exposed 
to  the  action  of  an  oxidating  flame  and  that  of  a  reducing  flamef 
The  fourth  process  is  termed  melting  for  white  metal,  in  which  the 
iron  is  eliminated  as  slag  by  co/nbining  it  with  silica.  The  fifbh 
operation,  melting  for  blue  metal,  is  very  similar  to  the  fourth,  the 
calcined  coarse  metal  being  Aised  with  roasted  ores  rich  in  copper. 
The  sixth  process  consists  in  remelting  the  slags,  to  cause  the  pro- 
duction of  a  matt,  in  which  the  copper  in  the  various  slags  is 
brought  together.  The  seventh  process,  roasfing  white  metal  for 
thB  production  of  superior  white  metal,  has  a  twofold  object :  the 
charge  being  first  oxidized  tQ  decompose  the  sulphuret  of  iron  into 
oxj^e  of  iron  and  sulphurous  acid,  the  latter  being  evolved,  while 
the  former  combines  with  silica,  and  is  carried  off  as  a  ftisible  slag. 
The  whole  mass  is  then  melted.  The  eighth  operation,  roasting 
for  regulus,  is  conducted  with  the  following  effects : — ^Oxidation 
first  occurs,  but.  as  the  fosion  proceeds  the  oxide  of  copper  reacts 
with  the  sulphuret :  sulphurous  acid  is  evolved,  and  metallic  copper, 
or  a  sulphuret  of  copper,  is  produced ;  the  i»x)ducts  are  three,  all 
of  which  have  to  be  reworked:  a  regulus  containing  twenty-one 
per  cent  of  copper,  a  slag  containing  about  ten  per  cent.,  and  bot- 
toms, or  alloys  with  other  metals.  The  ninth  operation  comprises 
the  roasting  and  fusing  of  regulus  for  crude  metal ;  and  the  tenth 
process  consists  in  the  refining  and  toughening  of  the  same. 
After  ftision,  the  scoria  is  raked  off  the  sux&ce  of  the  metal,  and 
a  few  shovelfuls  of  powdered  anthracite  or  wood-charcoal  are 
thrown  on  the  surface  of  the  charge,  after  which  it  is  stirred  with 
a  pole  of  green  wood  for  about  twenty*minutes,  after  which  it  has 
attained  the  condition  of  fine  metal.  This  brief  account  contains 
the  substance  of  the  ordinary  process  of  copper  smelting. 

The  most  common  ores  of  zinc  are  the  carbonate,  the  sulphuret, 
and  silicate.    The  ores  are  first  roasted  or  calcined,  and  the  zino^ 
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sabfiequentlj  distilled  from  them  in  retorts,  the  forms  of  which 
vary  in  different  districts. 

The  tin  of  commerce  is  obtained  from  the  native  oxide  of  that 
metal,  some  of  the  tin  ores  requiring,  however,  a  careful  cleansing 
previously  to  the  smelting  operation.  By  the  first  process  the 
reduction  is  conducted  in  a  reverberatory  furnace,  the  fuel  used 
being  common  pit-coal,  the  ores  operated  upon  being  mixed  with 
a  proper  amount  of  powdered  carbonaceous  matter.  By  the  second 
process,  the  oxide  is  reduced  in  a  small  blast-Aimace,  supplied  with 
>air  by  a  blowing  machine  driven  by  steam  power. 

The  ores  of  lead  usually  treated  in  this  country  principally  con- 
siist  of  galena,  or  sulphuret  g£  lead,  which,  however,  before  it  comes 
into  the  hands  of  the  smelter^  has  been  deprived  by  a  careM  me* 
chanical  preparation  of  a  large  portion  of  the  earthy  and  silicious 
ingredients  with  which  it  was  originally  associated. 

The  galena^  or  sulphuret  of  lead;  is  treated  in  a  reverberatory 
furnace,  where  it  i/ first  subjected  to  a  roasting  process,  which,  by 
the  oxidation  of  the  constituent  elements  of  the  mineral,  converts 
it  into  sulphate  of  lead  and  oxide  of  lead,  which,  re-acting  on  each 
other,  cause  the  production  of  metallic  lead,  which  frequently^  con- 
tains sufficient  silver  to  render  its  extraction  a  matter  of  commer- 
cial importance.  As,  however,  the  process  by  which  the  silver  is 
separated  belongs  rather  to  the  metallurgy  of  silver  than  to  that 
of  lead,  we  shall  not  here  occupy  our  space  with  an  account  of  it 

From  the  foregoing  descriptions  we  find  that  the  reverberatory 
furnace  admits  of  a  greater  range  of  chemical  re-actions  than  the 
blast  furnace  will  allow  of,  and  it  may  be  interesting  here  briefly 
to  review  the  chemical  operations  occurring  in  the  two  furnaces. 

In  the  ordinary  blast  furnace  deoxidation  of  the  metalliferous 
minerals  alone  takes  place,  and  in  the  iron  furnaces  it  occurs  in  the 
following  manner. 

The  o:pe  and  fuel  are,  as  before  stated,  thrown  into  the  furnace 
in  regular  strata,  and  descend  in  the  same  order  to  the  belly,  or 
upper  part  of  the  boshes.  ^  The  temperature  of  the  upper  part,  or 
cone,  is  not  very  considerable,  but  in  the  neighborhood  of  the 
boshes  more  heat  is  evolved,  and  on  the  hearth  it  is  developed  in 
its  fullest  intensity.  The  air  thrown  into  the  hearth  there  meets 
with  fuel  in  a-  high  state  of  incandescence,  and  from  the  large 
vccess  of  oxygen  present,  a  vigorous  combustion  ensues.  The 
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combustion  produced  by  the  blast  usuallj  extends  as  fiEtr  as  the 
middle  of  the  boshes,  but  its  activity  is  there  much  reduced,  as  the 
greater  part  of  the  oxygen  has  been  converted  into  carbonic  acid 
before  the  ascending  current  reaches  that  point.  The  carbonic 
acid  then  combines  with  carbon  to  form  carbonic  oxide,  which 
subsequently  exercises  a  powerful  reducing  influence  on  the  oxide 
of  iron. 

In  the  reverberatory  Aimace  an  oxidating  influence  may  be 
obtained  by  the  introduction  of  atmospheric  air  to  the  sole,  or 
laboratory  of  the  furnace,  or  the  metal  may  be  deoxidated  in  a 
manner  similar  to  the  action  of  a  blast  furnace ;  or  it  may  be 
merely  fused,  by  adjusting  th^  admission  of  air  so  that  its  oxygen  is 
almost  entirely  removed  before  passing  the  fire-bridge. 


CHAPTEB  n. 


ON  FOBamO  IBON. 


Ths  eariiest  piooesa  of  forging  which  iron  undergoes  has  for 
its  purpose  the  forming  of  the  blooms  or  balls  of  iron  into  bars  or 
'plates,  in  order  that  they  may  subsequently  be  applied  by  the 
mechanical  engineer  to  the  various  purposes  for  which  they  are 
required.  In  this  operation  the  blooms  are  frequently  operated 
upon  by  hammers  raised  by  a  shaft  furnished  with  cams,  or  projec- 
tions, which  act  upon  the  tail  of  the  hammer ;  but  the  most  effec- 
tive apparatus  ia^he  steam-hammer,  of  which  various  ibrms  have 
from  time  to  time  been  produced.  We  shall,  however,  here  des- 
cribe a  fifty-cwt.  steam-hammer  on  Nasmyth's  plan.  « 

An  elevation  of  this  steam-hammer,  with  a  section  of  the  foun- 
dation, is  shown,  Plate  lY.  The  apparatus  consists  of  a  very 
strong  cast-iron  frame,  supporting  at  the  top  a  steam  cylinder  of 
the  ordinary  construction;  within  this  cylinder  is  a  piston,  to 
which  is  attached  a  piston-rod,  working  steam-tight  through  the 
bottom  cover  of  the  cylinder ;  at  the  lower  end  of  this  piston-rod 
is  a  large  mass  of  metal  which  constitutes  the  hammer-head ;  to 
the  lower  sur&ce  of  this  block  the  hammer-face  is  fixed  by  a  dove- 
tail joint,  firmly  wedged  up.  To  the  lower  part  of  the  steam 
cylinder  the  slide  valve  is  attached,  being  surrounded  by  a  jacket, 
as  shown ;  it  is  worked  by  the  action  of  the  hammer-head  upon  *a 
tappet,  placed  in  front  of  the  guides  by  which  the  hammer-head  is 
retained  in  position  during  its  fall,  or  by  the  hand-gear,  shown. 
Beneath  the  hammer  is  an  anvil,  with  a  hard  face  dovetailed  into 
it,  and  wedged  up  firm ;  the  whole  apparatus  rests  on  foundations 
consisting  of  piles  for  the  support  of  the  anvil,  and  of  cinders 
beaten  down  for  the  support  of  the  hammer-frame.  The  action  of 
the  hammer  is  as  follows :  the  steam  being  admitted  beneath  the 
piston,  raises  it,  together  with  the  hammer-head ;  when  a  sufficient 
^elevation  has  been  obtained,  the  steam  is  allowed  to  escape,  and  the 
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hanimer-head  falls  upon  the  work  to  be  wrought,  the  operation 
being  repeated  as  often  as  may  be  desirable.  The  machine  can  be 
worked  by  those  accustomed  to  its  use  with  great  accuracy,  very 
delicate  operations  haying  been  frequently  performed,  such  as  the 
corking  of  bottles,  cracking  of  nuts  without  injuring  the  ker- 
nels, &c. 

We  may  also  include  among  the  machinery  used  in  forging  iron, 
the  rollers  employed  to  reduce  it  to  the  form  of  bars ;  for  this  pur- 
pose, stout  cylinders,  with  grooves  turned  upon  them,  are  employed, 
the  metal  being  passed  through  grooves  gradually  diminishing  in 
size  until  the  metal  is  reduced  to  the  desired  dimensions ;  the  gen- 
eral form  of  this  apparatus  is  shown  in  Fig.  6.  For  rolling  plates 
true  cylinders  are  required,  and  very  great  care  must  be  employed 
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for  the  production  of  thin  plates.  We  may  now  proceed  to  des- 
cribe the  smaller  machinery  of  the  forge ;  we  must  first,  however, 
mention^  that  it  is  very  important  to  select  coals  of  a  suitable 
nature  as  fuel  for  the  forge ;  the  best  for  the  purpose  is  a  strong, 
dense,  durable  coal,  possessing  a  good  body,  dull  and  dirty  in  ap- 
pearance. Bright,  easily-broken  coal  is  not  good  for  this  purpose, 
and  such  matters  as  tend  to  combine  with  the  iron  in  the  form  of 
clinkei!s  are  very  deleterious,  sulphur  being  an  element  which 
should  especially  be  avoided  in  forge-fuel.  Tanfield  coal,  when 
unmixed  with  other  varieties,  is  very  convenient  for  the  smith's 
work. 

The  first  piece  of  apparatus  of  the  smaller  class  which  we  have 
to  describe  is  the  forge-furnace,  which  is  used  when  small  portions 
of  iron  are  being  worked,  larger  masses  being  heated  in  a  rever- 
beratory  furnace;  these  forges  may  be  made  eight  or  nine  feet 
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sqaare,  and  consist  of  a  mass  of  brick- work  as  a  foundation  to  sup- 
port the  fire ;  at  the  back  of  the  fire  is  a  tae-iroii,  through  which  a 
blast  is  supplied.  This  blast  is  firequently  produced  by  a  reTolving 
&n ;  the  whole  is  surmounted  by  a  hood  and  chimney;  which  serve 
to  carry  off  the  smoke  and  heated  air.  The  iron  is  worked  upon 
a  stout  mass  ot  iron,  called  an  anvil  (shown  Fig.  7).    It  is  rested 

iff.  7. 


on  a  large  block  of  wood,  to  raise  it  to  a  convenient  height,  and 
the  metal  is  beaten  by  means  of  sledge-hammers  and  hand-ham- 
mers, swages  or  dies  being  used  when  requisite,  to  produce  any 
particular  form.  The  lower  swage  is  fitted  to  an  aperture  in  the 
anvil,  the  iron  to  be  wrought  placed  upon  it^  and  the  upper  swage 
laid  on  the  iron,  and  struck  with  the  hammer.  The  upper  swage 
is  held  by  means  of  a  light  hazel  rod,  which  prevents  the  shock 


Fig.  8. 
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of  tlie  hammer  from  producing  any  strain  upon  the>hand  of  the 
operator.  For  ordinary  forgings,  two  men  are  employed:  the 
smith,  who  is  responsible  for  the  work,  and  recejves  a  high  salary, 
and  the  hammer-man,  or  striker,  whose  duty  it  ia  to  wield  the 
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sledge-hamiDer,  and  work  the  bellows,  when  sucb  are  used  for  the 
maintenance  of  the  blast.  Some  forms  of  swages,  and  also  a  com- 
bined bottom  swage,  or  swage-block,  are  shown  at  Fig.  8,  as  also  a 
sledge  and  a  hand-hamifter. 

For  welding  iron  a  flux  is  required,  in  order  to  prevent  the 
oxidation  of  the  surfaces  to  be  joined.  For  this  purpose  fine  white 
sand  and  common  salt  may  be  used.  The  iron  is  first  heated, 
dipped  in  the  flux,  and  the  heating  continued,  until  the  metal  has 
attained  a  white  heat.  The  flux  is  then  fused  over  the  surface,  and 
has  dissolved  any  oxide  of  iron  which  may  have  formed  ;  the  two 
surfaces  to  be  joined  are  laid  together  and  struck  continuously, 
working  towards  the  edges,  in  order  to  expel  the  flux  and  insure  a 
perfect  union  of  the  metal.  Cast-steel  and  wrought-iron  scarcely 
admit  of  being  welded  together  with  fecility ;  but  shear-steel  may 
thu9  be  joined  to  wrought-iron;  in  which  case,  however,  the  steel 
is  not  raised  to  nearly  so  high  a  temperature  as  the  iron. 

For  heavy  forgings  a  crane  is  also  required,  but  the  form  of  this 
is  too  well  known  to  require  any  special  description.  In  large 
forgings  each  particular  piece  of  metal  requires  different  treatment^ 
according  to  the  use  for  which  it  is  destined.  Thus  the  heavy 
screw  shaft;,  which  is  subject  to  torsion  only,  will  require  a  different 
arrangement  to  that  employed  when  a  crank  or  cross-head  is 
formed.  The  most  ancient  method  of  forging  shafts  consisted  in 
piling  together  a  certain  number  of  slabs  of  iron,  which  were  sub-  ' 
sequently  heated,  welded,  and  hammered  into  the  cylindrical  form 
required.  When,  however,  it  became  necessary  to  make  larger 
shafts,  this  method  was  improved  upon:  a  pile  of  slabs  being 
taken  as  before,  of  which  only  a  portion  was  drawn  out  to  the  cir- 
cular form,  a  large  mass  being  left  at  one  extremity,  on  which  to 
weld  more  slabs  when  required :  after  which  the  metal  could  be 
drawn  out  a  little  longer,  the  operations  being  continued  as  long 
as  was  necKiful.  This  method  is  still  employed  at  many  works  in 
England,  Scotland,  and  America,  with  considerable  success,  but  it 
requires  the  utmost  care,  both  with  regard  to  workmanship  and 
materials.  A  &r  superior  plan  consists  in  building  up  the  shafts 
with  a  sufficient  number  of  square  bars ;  for  if,  in  the  slab  method, 
any  oxide  of  iron  or  dirt  should  intrude  itself  between  the  joints, 
the  seams  will  run  across  the  shaft ;  whereas  in  the  bar  method 
they  will  be  longitudinal.    It  is,  however,  very  important  to  avoid 
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atfeemptmg  to  weld  too  great  a  faggot  of  square  bars  at  onoe,  as  in 
that  case  it  freqaentlj  happens  that  at  the  centre  the  bars  are  not 
welded  at  alL  A  few  bars  should  therefore  first  be  welded  together, 
and  when  soundly  joined,  other  layers  of  bars  may  be  packed 
around  this  central  core :  the  process  being  continued  until  the  re- 
quired size  is  attained,  which  can  thuis  be  effected  with  perfect  suc- 
cess. Another  method  consists  in  first  making  a  round  core  or 
hearty  and  packing  around  thia  bars  of  a  Y  form  ;  this  method  is 
adopted  frequently  for  forging  railway  axles,  and  it  was  also  em- 
ployed in  the  manufiusture  of  the  monster  gun  at  the  Mersey  Iron- 
works. From  a  paper  by  Mr.  Clay,  we  find  that  the  method  em> 
ployed  in  forging  this  gun  was  as  follows.  The  gun  was  built  up 
in  seven  distinct  layers  or  slabs^  the  forging  occupying  seven 
weeks,  and  it  was  found  that  the  metal,  after  being  worked,  was 
improved  in  strength  rather  than  deteriorated,  by  the  long  exposure 
to  great  heat  The  chief  points  to  be  considered  by  the  designer 
of  the  gun  were,  to  obtain  sound  weldings,  to  place  the  iron  with 
its  fibres  in  the  proper  direction  for  resisting  the  most  severe  strain 
to  which  it  could  be  exposed,  and  to  take  care  that  while  one  part 
of  the  forging  was  being  worked,  other  portions  were  not  wasted 
under  the  action  of  the  furnace  by  burning  or  crystallization. 

The  first  operation  was  to  prepare  a  core  of  suitable  dimensions 
and  nearly  the  whole  length  of  the  gun.  This  was  done  by  taking 
a  number  of  rolled  bars  about  six  feet  in  length,  and  welding  them 
together,  and  then  drawing  them  out  until  the  proper  length  was 
obtained :  a  series  of  Y-shaped  bars  were  now  packed  round  the 
oore,  heated  in  a  reverberatory  Aimace,  and  forged  under  a  large 
hammer.  Another  series  of  bars  was  next  packed  on,  the  mass 
again  heated,  and  worked  perfectly  sound.  Another  longitudinal 
series  of  bars  was  yet  required  over  the  whole  length  of  the  forg- 
ing, after  which  the  work  was  about  fifteen  feet  in  length  and 
thirty-two  inches  in  diameter,  but  requiring  to  be  augmented  to 
forty  ^foTlr  inches  at  the  breech,  tapering  down  to  twenty-seven  at 
the  muzzle.  This  was  accomplished  by  two  layers  of  iron,  placed 
in  such  a  manner  as  to  resemble  hoops  laid  at  right  angles  to  the 
akis  of  the  mass,  and  after  two  more  heatings  and  carefiil  weldings, 
the  forging  of  the  work  was  complete.  After  each  important  addi- 
tion, a  securing  heat  was  given  to  prevent  fiaws. 

A  great  deal  has  been  written  at  various  times  on  the  crystal- 
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lization  of  wrought-iron  under  the  action  of  heat  long  continued^ 
mote  especially  when  the  metal  is  allowed  to  cool  slowly,  and  also 
when  the  metal  is  subjected  to  the  action  of  blows  frequently 
repeated ;  some  experiments  have,  however,  tended  to  disprove  thQ 
theory  of  crystallization  by  heat ;  but  we  have  seen  bars  of  iron, 
ori^nally  of  a  tough  or  fibrous  character,  snap  with  a  force  &r 
below  the  calculated  resistance  of  the  material,  the  fracture  ezhib* 
iting  a  beautiful  crystalline  texture. 

The  forms  of  iron  ordinarily  obtainable  in  commerce  are  as  fol* 
lows :  square,  round,  elliptical,  rectangular,  semicircular,  segmental, 
channel,  T,  H,  and  L  iron  bars,  also  plate  and  sheet  iron ;  the  thin* 
nest  being  that  employed  for  the  manufacture  of  tin  plates. 
•  It  is  unnecessary  here  to  dilate  upon  the  forging  of  copper,  it 
being  only  necessary  to  observe  that  it  is  worked  at  a  low  temperar 
ture,  and  that  when  it  is  wrought  cold  it  is  necessary  occasionally 
to  anneal  it  by  heating. 

Besides  the  tools  already  mentioned,  various  tongs,  and  alsq 
various  special  forms,  are  fi-equently  required  to  execute  hollow  or 
other  work,  which  cannot  conveniently  be  wrought  upon  the  anvil } 
these  are  called  stakes.  Among  the  swages  occur  some  having  at 
their  .extremities  a  conical  or  cup-shaped  recess,  intended  to  com^ 
plete  the  heads  of  rivets ;  these  are  termed  snaps,  and  are  some- 
times worked  by  machines  termed  rivetting  machines,  being 
attached  to  piston  rods,  acted  on  by  pistons  working  in  cylinders 
of  large  diameter  but  with  a  very  short  stroke. 
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ON  MOULDING  AND  GASTINO* 


Fob  many  purposes  it  is  found  oonyenient  to  produce  articles 
from  molten  metal,  by  a  process  termed  casting,  which  consists  in 
pouring  the  metal  in  a  fluid  state  into  a  cavitj  which  corresponds 
to  the  form  of  the  article  to  be  produced.  Several  methods  of 
^producing  these  cavities  are  in  use,  but  we  shall  here  confine  our 
attention  to  the  manipulations  included  under  the  head  of  green 
or  baked  sand-mouldings,  loam-moulding,  and  moulding  for  chilled 
castings.    We  will  first  speak  of  green  sand-mouldings. 

The  first  operation  to  be  performed,  when  it  is  proposed  to  make 
a  green  sand-casting,  consists  in  making  a  model  or  pattern  of  the 
article  to  be  produced.  This  may  be  made  of  wood ;  it  must  be 
in  form  similar  to  the  required  object,  but  tapered  so  that  it  may 
admit  of  being  readily  removed  from  the  sand  in  which  the  casting 
is  to  be  made ;  and  it  must  also  be  larger  than  the  finished  article, 
in  order  to  allow  for  contraction  in  cooling,  and  also  for  the  removal 
of  material  in  producing  finished  surfaces.  The  contraction  is,  for 
iron,  about  a  tenth  of  an  inch  to  the  foot,  and  for  brass  one-eighth 
of  an  inch  may  be  allowed.  All  apertures  in  the  intended  casting 
are  produced  by  pieces  called  cores,  fixed  in  the  mould ;  these  are 
retained  in  position  by  being  made  longer  than  the  apertures  to  be 
produced,  the  excess  of  length  being  inserted  into  recesses  formed 
in  the  sides  of  the  mould.  These  recesses  or  hollows  are  produced 
by  protrusions  upon  the  pattern  or  model,  such  protrusions  being 
called  core  prints. 

Cores  are  also  used,  under  some  circumstances,  for  the  produo* 
tion  of  undercut  recesses. 

We  may  perhaps  best  illustrate  the  manner  in  which  the  casting 
is  produced,  by  taking  an  example,  and  describing  the  process  re- 
quired for  the  completion  of  such  example.  Let  us  suppose  thai 
the  poppet-head  of  a  lathe,  which  is  of  the  form  shown,  Fig.  9, 
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haying  an  aperture  tunning  through  the  whole  length  of  the  upper 
cylindrical  part,  is  required.  The  pattern  will  be  of  the  form 
ahown  at  Fig.  10,  being  fiimished  with  core  prints,  as  shown  at 
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each  end  of  the  cylindrical  part.  The  process  of  moulding  is  con- 
ducted in  the  following  manner.  Two  boxes,  having  neither  top 
nor  bottom,  but  capable  of  being  fitted  together  by  means  of  pegs 
fixed  in  lugs  on  one  frame,  which  fit  into  apertures  in  lugs  on  the 
other  frame,  together  called  a  fiask,  are  used  To  contain  the  sand  of 
which  the  mould  is  to  be  made.  One  flask  as  taken  and  placed 
with  the  lugs  downwards  upon  a  smooth  slab,  and  filled  with 
moulding  sand,  which  is  firmly  rammed  down.  The  flask  may 
then  be  inverted,  the  sand  being  retained  in  the  frame  by  its  cohe- 
sion and  adhesion  to  the  sides  of  the  flask ;  but  when  the  latter  is 
large,  it  is,  for  greater  security,  ^nished  with  transverse  bars. 
After  the  frame  has  been  inverted,  the  upper  sur&ce  presents  a 
smooth  and  level  appearance,  and  in  the  centre  of  this  a  hollow  is 
scooped  resembling  the  form  of  the  article  to  be  cast.  In  this  the 
pattern  is  bedded  in  a  horizontal  position,  being  sunk  in  the  sand 
to  as  nearly  as  possible  half  its  thickness ;  powdered  charcoal  or 
coal-dust  is  now  sprinkled  over  the  whole  surface,  and  the  upper 
part  of  the  flask  adjusted  in  position ;  it  is  then  filled  up  with 
sand,  which  is  firmly  rammed  down  around  the  pattern.  The  two 
parts  of  the  flask  can  now  be  separated,  the  adhesion  of  the  sand 
being  procured  by  the  layer  of  charcoal  dust  mentioned  above. 
The  impression  formed  in  the  sand  of  the  upper  flask  is  smoothed 
and  repaired,  where  necessary,  by  trowels  of  a  suitable  form.  The 
sand  placed  in  the  first  frame  is  now  broken  up,  the  frame  which 
served  as  the  top  of  the  flask  placed  with  the  cavity  uppermost, 
the  pattern  placed  in  the  cavity,  the  empty  frame  fitted  on,  and  the 
whole  filled  up  as  before.  The  flask  is  then  again  taken  in  pieces 
both  cavities  repaired  where  necessary,  and  openings  made.from 
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tlie  cavity  in  the  upper  frame,  through  to  the  8orfiM)e  of  the  sand. 
These  aia  called  gates,  or  gits,  and  serve,  some  of  them,  fot  the 
admission  of  the  molten  metal)  and  others  afford  egress  to  the  air 
in  the  cavity  and  the  gases  generated  by  contact  of  the  hot  metal 
with  the  sand.  The  core,  previously  made,  of  tough  loam  with 
chopped  straw  or  other  filamentary  material,  and  dried,  is  now  in- 
serted in  the  core  prints ;  the  fiask  is  then  pot  together,  the  two 
parts  being  secured  by  pins  or  wedges  passed  through  apertures  in 
the  extremities  of  the  pegs  fixed  to  the  lugs  of  the  lower  frame. 
The  metal  may  then  be  cast.  When  the  casting  is  sufficiently  cool 
the  mould  is  broken  up,  the  superfluous  metal  knocked  of;  and 
when  the  casting  is  quite  cool,,  the  &lse  seams  are  cut  off,  the  core 
cleaned  out,  and  the  hard  sandy  coating  rubbed  smooth  with  a  piece 
of  oven-coke. 

We  may  now  mention  a  few  particulars  to  be  observed  in  the 
general  preparation  o^  moulds.  Ample  space  for  egress  of  gases 
must  be  allowed,  wherefore  it  is  desirable  to  pierce  the  sand  to 
within  a  small  distance  of  the  cavity,  by  means  of  a  stiff  wire ; 
also  to  form  a  sufficient  number  of  gita  The  sand  should  be  of 
open  texture^  but  of  a  binding  character,  otherwise  the  casting  will 
be  apt  to  scab, — ^that  is  to  say,  there  will  be  a  liability  in  the  sand 
to  scale  off  the  sur&ce  of  the  mould,  and  rest  on  the  surface  of  the 
casting.  If  sufficient  egress  be  not  allowed  for  the  air,  blow-holes 
"jrill  occur  within  a  short  distance  of  the  sur&ce  of  the  casting, 
thereby  materially  reducing  its  strength.  It  is  usual  to  tap  the 
pattern  with  a  hammer  in  order  to  loosen  it,  previous  to  withdraw- 
ing it  from  the  mould,  thus  preventing  the  risk  of  damage  to  the 
mouldy  and  for  this  purpose  wires  are  sometimes  screwed  into  the 
pattern,  which  protrude  through  the  sur&ce  of  the  sand  and  the 
upper  part  of  the  flask.  Very  heavy  patterns  may  be  removed 
from  the  sand  by  the  united  efforts  of  several  men,  each  lifting  the 
pattern  with,  one  hand  while  with  the  other  he  taps  it  with  a  light 
hand-hammer. 

K  the  sand  be  used  too  damp,  hard  places  will  be  formed  in  the 
casting,  thereby  adding  materially  to  the  difficulty  of  subsequently 
working  the  metaL  ^ 

Moulding  in  baked  sand  is  conducted  in  a  manner  similar  to  the 
above ;  but  the  sand  is  used  in  a  more  moist  condition,  the  mould 
being  subsequently  dried  in  a  suitable  furnace.    Moulding  in  loam 
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is  conducted  in  a  manner  quite  different  from  the  method  employed 
for  ntoulding  in  green  sand — no  pattern  being  used ;  we  |nay  take 
as  an  example  of  this  class  of  moulding  the  formation  of  a  hemis- 
pherical melting-pot.  A  cast-iron  ring  is  laid  down  on  the  foundry 
floor,  and  upon  this  a  brick  dome  roughly  approaching  the  internal 
form,  is  erected,  an  aperture,  however,  being  left  at  the  upper  part. 
A  quantity  of  loam,  formed  of  clay,  water,  sand,  and  cow-hair, 
after  haying  been  reduced  to  a  paste  and  thoroughly  kneaded  in  a 
pug-tub,  is  laid  on  the  brick  dome  with  trowels  and  smoothed  with 
the  hand ;  a  fire  is  then  lighted  within  the  dome  by  means  of  aper- 
tures left  on  the  cast-iron  ring,  a  stratum  of  fine  loam  laid  over  the 
first  layer,  and  formed  to  the  exact  contour  of  the  interior  of  the 
vessel  by  means  of  a  scraper  of  suitable  form,  attached  to  a  verti- 
cal spindle  passing  through  the  centre  of  the  dome,  and  supported 
in  bearings*  at  the  top  and  bottom,  15o  that  the  scraper  can  be  caused 
to  revolve.  The  required  form  having  been  obtained,  the  scraper 
is  removed,  and  the  mould  allowed  to  dry ;  after  which  it  is  thickly 
painted  over  with  a  mixture  of  charcoal,  clay,  and  water,  applied 
with  a  brush ;  another  layer  of  fine  loam  is  then  applied  equal  to 
the  thickness  of  the  required  article,  and  to  it  is  imparted  the  exact 
form  of  the  exterior  of  the  vessel,  also  by  means  of  a  scraper. 
The  whole  is  then  again  dried,  the  spindle  being  removed,  and  the 
aperture  in  the  top  of  the  dome  filled  up.  The  mould  is  again 
painted.  Another  ring  is  now  laid  down  around  the  former  and 
adjusted  to  it  by  steady-pins ;  the  mould  is  covered  with  a  layer  of 
fine  loam  and  then  with  a  thicker  stratum  of  coarse  loam,  and  sur- 
rounded by  brick- work.  We  shall  now  have  an  interior  dome  A^d 
an  exterior  shell,  containing  between  them  a  quantity  of  loam  cor- 
responding to  the  thickness  of  metal  in  the  required  vessel.  The 
outer  shell  is  removed  by  lifting  the  outer  ring  by  means  of  a 
crane,  the  painting  of  charcoal  paste  preventing  its  adhesion  to  the 
substratum.  It  is  repaired  with  trowels,  the  intermediate  thick- 
ness of  loam  is  then  broken  ofi^  and  the  surface  of  the  interior 
dome  smoothed  and  repaired  where  necessary.  Oits  are  prepared 
in  the  outer  shell,  which  is  replaced,  and  the  metal  cast  As  soon 
as  the  casting  has  become  sufficiently  cool  the  •brick-work  of  the 
interior  dome  is  loosened,  in  order  to  allow  of  the  firee  contraction 
of  the  casting. 
All  moulds  having  the  form  of  solids  of  revolution  can  be  thus 
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produced  by  scraperS;  but  other  forms  must  be  obtained  by  aid  of 
templates,  or  the  workman  must  depend  upon  the  correctness  of 
his  own  eye. 

We  have  yet  to  mention  chilled  casting.  This  consists  of  sub- 
stituting metal  surfaces  for  sand,  wheriever  the  casting  is  required 
to  be*  peculiarly  hard,  this  eftect  being  produced  by  the  rapidity 
with  which  the  heat  is  conducted  away  by  the  metallic  mould. 

For  large  castings  the  metal  should  be  melted  in  reverberatory 
furnaces ;  for  smaller  ones  a  small  kind  of  blast  furnace  called  a 
cupola  is  used.  This  consists  of  a  low  brick-work  foundation  upon 
which  a  sheet-iron  cylinder  is  placed,  which  is  lined  with  refrac- 
tory sand,  and  surmounted  by  a  low  chimney  or  conical  hood , 
holes  are  formed  in  the  side  of  the  cylinder  to  admit  nozzles, 
through  which  the  blast  may  be  supplied,  and  also  to  allow  the 
molten  metal  to  be  drawn  off.  The  fuel  and  metal  are  supplied  in 
alternate  layers,  and  the  jnetal  as  it  melts  accumulates  in  the  bottom 
of  .the  furnace.  The  charges  are  in  the  proportion  of  twenty-five 
coke  to  a  hundred  of  iron ;  and  the  latter  begins  to  melt  about 
twenty  minutes  after  its  introduction  into  the  furnace.  For  large 
and  heavy  castings  the  moulds  are  sunk  in  the  floor  of  the  foundry, 
and  the  metal  run  into  them  from  the  cupolsi,  along  channels  in  the 
sand  of  the  foundry  floor.  For  small  castings  the  molten  metal  ia 
carried  in  ladles  lined  with  refractory  clay;  and  for  larger  cast- 
ings, large  ladles  or  shanks,  moved  about  by  a  crane,  are  used. 
Every  casting  requires  more  metf^  than  is  requisite  to  fill  the 
mould,  the  excess  going  to  form  £edse  seams^  &c.,  and  besides  this 
there  is  an  actual  loss  of  six  per  cent,  of  the  metal ;  so  that  after 
deducting  all  losses,  each  hundred-weight  of  coke  melts  about 
three  hundred-weight  of  pig-iron.  The  following  are  th^  dimen- 
sions of  an  average-sized  cupola^  capable  of  melting  five  tons  of 
metal  at  one  time :  height,  nine  feet ;  external  diameter  five  feet : 
internal  diameter,  three  feet  six ;  height  of  first  tuyere  hole,  two 
feet  six  inches ;  distance  between  tuyeres,  fifteen  inches ;  diameter 
of  nozzles,  from  three  to  five  inches ;  speed  of  fan,  seven  hundred 
revolutions  per  minute,  to  maintain  which  a  power  of  three  horses 
win  be  required. 


CHAPTER  IV. 


ON  CUTTING  TOOLS. 


In  the  present  chapter  we  purpose  to  describe  the  various  forms 
of  tools  used  for  cutting  and  abrading  metal.  The  first  of  these 
to  which  we  shall  direct  our  attention  are  files.  The  general  form 
of  these  is  too  well  known  to  require  any  detailed  description  at 
our  hand.  The  teeth  are  produced  by  making  a  seriea  of  cuts  with 
a  chisel  along  the  whole  length  of  the  file,  and  dividing  the  ridges 
tnus  raised  into  teeth  by  other  cuts  crossing  them  at  an  angle,  after 
which  the  tool  is  hardened.  In  cutting  square  and  flat  files  it  is 
usual  to  leave  one  side  smooth  to  rest  against  the  work  without  in- 
jury to  it^  thus  forming  a  safe  edge.  When  the  file  is  only  cut  in 
one  direction  it  is  termed  a  float  A  rasp  has  various  isolated 
points  raised  upon  its  surface.  The  variety  of  files  is  almost  end- 
less, depending  as  they  do  upon  the  nature  of  the  work  for  which 
they  are  required ;  but  only  a  few  of  these  are  necessary  for  the 
executiotl  of  those  branches  o£  mechanical  manipulation  of  which 
we  treat.  These  are  divided  into  three  classes,  viz. :  taper,  hand, 
and  parallel.  Those  of  the  first  description  taper  to  a  point,  the 
second  are  formed  with  sides  nearly  parallel,  and  the  third  quite 
parallel,  so  as  to  be  of  the  same  thickness  throughout.  Files  are 
also  distinguished  according  to  the  fineness  of  their  teeth,  as  fol- 
lows :  rough,  bastard,  second-cut,  smooth,  and  dead-smooth.  Taper 
files  vary  in  length  from  four  to  twenty-four  inches,  are  rectangular 
in  section,  and  rounded  in  width  and  thickness.  Hand  files  are 
more  parallel  in  width,  and  less  tappr  in  thickness  than  the  forego* 
ing,  and  are  commonly  used  for  flat  surfaces  when  greater  accuracy 
is  required  than  can  be  obtained  with  ordinary  taper  files.  Cotter 
files  vary  from  six  to  twenty-three  inches  in  length ;  they  are  em- 
ployed for  filing  grooves  for  cotters,  keys,  or  wedges,  used  for  fix- 
ing wheels  upon  their  shafts.    They  are  narrower  than  hand  files, 
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and  nearly  flat  on  their  sides  and  edges.  Pillar  files  are  similar  to 
hand  files,  but  mnch  smaller,  varying  from  three  to  ten  inches  in 
length ;  they  are  usually  formed  with  one  safe  edge.  Half-round 
files  have  a  segmental  section,  varying  from  one  quarter  to  one 
twelfth  of  a  circle,  one  side  of  the  file  being  convex  the  other  flat ; 
their  length  varies  from  two  to  eighteen  inches.  Crossing  files^  or 
double  half-round,  are  circular  on  both  sides.  Triangular,  or  three* 
square  files,  are  made  from  .two  to  sixteen  inches  in  length ;  they 
are  tised  for  intem&l  angles,  for  clearing  out  square  comers,  and  for 
sharpening  saws.  Bound  files  are  usually  taper,  from  two  to  • 
eighteen  inches  in  length,  being  used  to  enlarge  round  holes. 
Square  files  vary  from  two  to  eighteen  inches  in  length,  and  are 
generally  taper,  having  one  or  more  safe  edges ;  they  are  princi- 
pally used  for  small  apertures. 

We  will  now  proceed  to  spei^  generally  of  the  angles  of  cutting 
tools.  Scrapers  are  usually  formed  with  edges  contained  beti/^n 
facets,  making  together  an  angle  of  from  55^  to  60^.  As  a  general 
rule,  the  softer  the  material  the  more  acute  may  the  angle  of  the 
catting  edge  be :  and  the  angles  vary,  for  brass,  copper,  iron,  and 
steel,  from  65®  to  90° ;  those  for  iron  varying  between  85®  and  90®. 
Great  care  must  be  taken  in  order  to  obtain  the  angles  of  the  cut- 
ting edges  well  defined,  otherwise  their  action  will  not  be  satis- 
&ctory. 

We  will  now  speak  in  detail  of  the  various  cutting  tools  with 
which  the  mechanical  engineer  4nust  be  provided ;  commencing 
with  hand  tools,  and  subsequently  describing  machine  tools. 

Fig.  11  exhibits  two  views  of  a  cold-metal  chisel  of  the  form 

Fig.  11. 


) 


most  commonly  used,  having  a  wide  edge.  These  are  ground  on 
both  sides  to  an  angle  from  70®  to  80®, — for'  some  particular  pur 
poses  being  even  more  obtuse.  They  are  tempered  down  to  a  deep 
straw  color,  and  when  in  ,use  are  held  in  the  left  hand  upon  the 
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work  undergoing  manipulation,  and  driven  by  blows  struck  with 
a  hand  hammer  held  in  the  right  hand.  A  similar  form  of  chisel, 
attached  to  a  hazel  rod  and  driven  by  blows  of  a  sledge  hammer, 
is  employed  by  smiths  for  cutting  hot  iron ;  but  it  is  shorter  and 
of  a  stouter  make,  being  furmshed  with  a  wider  edge.  There  is 
another  form  of  chisel  occasioQsSly  used  for  cold  metal,  having  a 
semicircular  edge ;  this  is  ground  on  the  flat  side  and  is  used  for 
clearing  out  grooves  of  a  circular  or  elliptical  section. 

Small  hand  punches  are  also  frequently  employed  for  piercing 
thin  metal,  being  formed  of  round  steel,  tapered  off  and  ground  flat 
at  the  end.  Centre  punches,  which  are  used  for  marking  work 
where  holes  axe  to.be  drilled;  produce  a  conical  or  counter-sunk 
recess,  and  are  *  themselves  formed  of  round  steel,  tapered  and 
ground  to  a  conical  point,  with  an  angle  of  about  80®. 

Scrapers  are  usually  made  in  one  of  two  forms :  an  old  parallel 
file^  taken,  the  teeth  are  ground  oS,  and  the  end  is  ground  smooth, 
00  as  to  produce  an  angular  scraping  surface ;  or  an  old  three- 
square  file  is  used,  the  teeth  being  ground  off,  and  the  faces  near 
the  extremity  ground  convex,  so  as  to  terminate  in  a  point,  thereby 
forming  three  scraping-edges,  each  having  an  angle  of  60°.  The 
two  forms  of  scrapers  are  shown  in  the  accompanying  Fig.  12. 

Fig.  12. 
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We  may  here  mention,  among  fitters'  tools,  the  metal  saw.  It  is 
a  kind  of  frame  saw,  consisting  of  a  thin,  narrow  blade,  furnished 
with  teeth,  tightly  stretched  in  an  iron  frame.  Saws  of  this  descrip* 
tion  require  frequent  sharpening. 

Small  drills  worked  by  hand  are  in  constant  requisition.  They 
are  of  two  sorts :  those  that  are  worked  with  an  alternate  recipro- 
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Fiff.  13. 


oatorj  motion,  ground  on  both  sidefl,  so  as  to  scrape  equally  well 

in  both  directioBfl^  shown  at  a  in  Fig.  13 ;  and  those  worked  with 

a  continnons  circular  motion,  gionnd  on  one 
side  .only,  shown  at  &,  so  as  to  cut  in  one  di- 
rection;  drills. pf  the  former  description  are 
nsnallj  fixed  inli  shafts  the  tail-end  of  which  is 
conical,  and  rests  in  a  counter-sink  formed  in  a 
breast-pUte  worn  by  the  operator,  through 
which  the  requisite  pressure  is  imparted.  Upon 
the  shaft  is  fixed  a  sheave  or  pulley,  around 
which  the  string  of  a  steel  bow  passes;  by  im-^ 
parting  an  alternate  rectilinear  motion  to  the 
bow,  the  wheel,  shaft,  and  drill  are  caused  to 
reyolye    alternately   in   opposite    directionSi 

thereby  penetrating  the  material  which  is  being  operated  upon. 
The  second  class  of  drill  is  usually  employed  either  in  a  b^poe^ 

consisting <^  a  crank,  as  shown  at  a  Fig.  14;  but  when  the  hole  ia 
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to  be  drilled  in  a  position  which  does  not  allow  sufficient  room  for 
the  brace,  another  kind  of  stock,  called  a  ratchet  brace,  &,  is  made 
use  of.  This  consists  of  a  stout  shaft,  furnished  at  one  end  with  a 
socket  to  receive  the  tang,  or  tail-end  of  the  drill;  and  at  the  other 
*  with  a  screw,  on  the  head  of  which  is  a  hard  conical  point,  and  by 
means  of  which  the  requisite  pressure  is  imparted  to  the  drill ;  in 
the  centre  of  the  shaft  is  a  ratchet- wheel,  firmly  fixed,  and  em- 
braced by  the  forked  end  of  an  arm  or  lever,  fbmished  with  a  pall, 
acted  upon  by  a  spring,  which  causes  it  to  Mt  into  the  teeth  of  the 
ratchet-whed ;  thus,  when  the  arm  is  moved  in  the  direction  in 
which  the  drill  is  made  to  cut,  the  pall  catches  in  the  teeth  of  the 
ratchet-wheel,  and  drives  the  wheel  forward,  but  on  reversing  the 
motion,  the  pall  slides  over  the  teeth,  leaving  the  drill  stationary. 
A  great  variety  of  minor  drill  stocks  have  been  devised,  but 
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tbey  are  caloulatod  rather  to  entertain  Ae  amateur  than  to  render 
efficient  service  to  the  practical  engineer ;  we  shall,  therefore^  nol 
encumber  our  space  with  a  description  of  them. 
.  There  are  a  class  of  scraping  tools,  known  as  broaches^  or 
rhymers,  employed  for  cleaning  out  circular  holes ;  they  consist  of 
taper,  triangular,  square,  hexagonal,,  or  octagonal  tools,  of  which 
the  thickness  is  inconsiderable,  when  compared  with  the  length. 

Square  holes  are  cleared  out  by  means  of  steel  drifts,  consisting 
of  taper  steel  bars,  in  which  notches  are  filed  at  regular  interral^ 
in  order  to  give  rise  to  cutting  edges.  A  drift  is  forced  through 
^e  aperture  to  be  cleared  by  striking  it  with  a  hammer,  and  as 
these  tools  are  made  very  haxd,  breakage  frequently  occurs. 

We  must  now  proceed  to  describe  the  methods  by  means  of 
which  screws  are  produced  by  manual  labor.  For  the  smallest 
screws  a  plate  of  dies,  called  a  screw-plate,  is  employed ;  it  consists 
of  a  plate  of  steel,  in  which  threads  have  been  cut,  which  are  at 
certain  parts  filed  away,  in  order  that  cutting  edges  may  be  formed, 
and  also  to  afford  a  means  of  egress  to  the  metal  removed  from  the 
screw  which  is  being  cut.  By  means  of  this  apparatus,  the  threads 
on  a  screw  are  partly  cut,  and  partly  squeezed  up,  being,  therefore, 
not  so  perfect  as  th6se  produced  by  the  action  of  point  tools,  which 
will  presently  be  described. 

For  the  production  of  larger  screws,  such  as  the  threads  of  bolts, 
dies  made  n  two  or  more  parts  are  used,  the  cutting  edges  appear- 
ing  on  the  edges  of  the  dies.  These  dies  are  used  by  means  of 
stocks  of  the  form  shown.  Fig.  15.    In  the  centre  of  the  stock  is  a 

Fig.  16. 


rectangular  opening  containing  Y-shaped  ridges,  which,  fitting 
grooves  in  the  dies,  retain  them  in  the  stock.  At  one  end  of  the 
rectangular  opening,  the  ridges  are  cut  away,  in  order  to  allow  of 
the  introduction  of  dies  as  required,  which  dies  are  adjusted  by 
means  of  a  set  screw,  in  some  cases  formed  on  the  end  of  one 
handle,  o/ ,  which  construction  we  do  not,  however,  approve,  deem- 
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ing  it  preferable  to  have  the  handles  flrmly  flzied,  the  dies  being 
set  up  by  separate  screws. 

Having  concluded  oar  remarks  upon  the  means  used  for  prodno* 
ii^  small  solid  screws  without  employing  machinery,  it  is  neees* 
aary  to  give  an  account  of  the  method  employed  in  making  small 
hoUow  screws,  or  nuts.  Theae  are  produced,  first  by  drilling,  and 
then  by  cutting  threads  by  means  of  a  hard  steel  screw^which  we 
will  now  proceed  to  describe.  Upon  a  piece  of  the  best  round 
steel,  accurately  tumed,'a  screw  is  cut  with  great  care,  so  as  to  be 
truly  formed  throughout ;  a  portion  of  this  thread  is  then  removed 
by  filing  three  or  four  grooves  along  the  sides  of  the  top,  cutting 
edges  being  thereby  formed,  and  a  means  of  egress  afforded  the 
particles  of  metal  cut  away ;  the  thread  is  also  reduced  towards 
the  point  of  the  top,  thereby  imparting  to  it  a  taper  form,  in  order 
that  it  may  gradually  cut  the  thread,  solbhat  it  may  not  overstrain 
either  the  tool  or  the  material  being  wrought.  Usually,  for  tap- 
ping a  nut>  two  taper  taps,  and  one  plug,  or  parallel  tap  are  used, 
b^ng  formed  with  a  square  head,  which  fits  a  rectangular  opening 
in  the  centre  of  a  stock,  or  tap-wrench,  which  is  handed  round  in 
the  same  manner  as  a  die-stock.  Oil  is  used  for  lubricating  these 
tools,  in  order  to  prevent  their  becoming  heated. 

A  pair  of  shears  for  shearing  metals  is  also  used ;  they  are  pre- 
cisely similar  in  their  action  to  ordinary  scissors,  their  edges  .being 
ground  to  an  angle  of  about  85^.  .  The  blades  are  very  short,  and 
broad  in  proportion  to  the  length  of  the  shears.  The  ends  of  the 
handles  are  curved  round,  so  as  to  meet  and  prevent  the  shears 
from  closing  too  far. 

There  are  other  tools  used  by  fitters,  but  as  they  are  not,  pro- 
perly speaking;  cutting  tools,  we  shall  defer  the  description  of  them 
to  the  chapter  wherein  we  propose  to  treat  of  the  manipulations 
included  under  the  general  head  of  fitting* 

"We  will  now  proceed  to  describe  the  forms  of  the  various  tools 
used  for  operating  upon  metal  by  means  of  machinery.  The  ma- 
chines themselves  will  be  described  in  the  following  chapter. 

The  first  tool  of  which  we  shall  speak  is  known  as  the  point  tool ; 
it  is  forged  from  square  steel,  as  in  &ct  are  most  of  the  machine 
tools.  Two  views  are  shown  of  it  in  the  accompanying  Fig.  16. 
This  tool  produces  a  sur&ce  consisting  of  very  narrow  grooves,  the 
metal  being  generally  removed  by  the  action  of  the  point  .and  one 
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side  of  the  catting  edga ;  it  is  naed  in  the  lathe,  io  ^e  ehs^iiig 
machine,  and  in  the  planing  machine. 

Another  tool  has  heen  derived  from  that  which  we  have  just 
descrihed,  which  is  moat  frequently  nsed  in  the  lathe,  for  taking 
large  cats,  whereby  the  greater  hulk  of  the  saperfiuons  m^al  is 
remored.  This  tool  may  he  said  to  consist  of  one  side  of  the  point 
tool,  the  whole  of  its  catting  edge  being  inclined  to  the  axis  of  the 
w<H-k. 


Fig.  Ifl. 


Pig.  17. 
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The  next  tool  which  we  have  to  mention  is  the  apriog  tool ;  it 
is  formed  with  a  spring  or  bend,  as  shown  in  Pig.  17,  which  enables 
it  to  yield  to  any  hard  particles  which  may  occnr  in  the  metal  be- 
ing wronght,  instead  of  tearing  them  out  ^ler  the  manner  of  the 
point  tool.  The  ^ring  tool  is  also  mooh  broader,  somewhat 
Toonded  on  the  end,  in  order  to  prevent  the  danger  of  its  comers 
from  catting  too  deep  into  the  work.  Hence  this  tool  prodacea 
fewer  ridges  than  the  point  tool,  and  such  as  do  occnr  are  more 
gradual  in  their  ascent ;  the  point  tool  is,  however,  capable  of 
ezeonting  the  work  more  accurately. 

We  may  next  speak  of  the  side  tool  nsed  501*  boring  small  cylin- 
ders, Mid  also  for  cutting  internal  screws.  A  plan  of  this  tool  is 
shown  in  Fig.  18 ;  when  intended  for  boring,  it  is  osnally  formed 
with  a  cylindrioal  part  drawn  oat  behind  the  cutting  edge,  in  order 
to  allow  it  to  pass  freely  to  the  bottom  of  the  cavity.  When  the 
tool  is  intended  for  cutting  internal  screws,  the'  cutting  edge  should 
be  made  to  protrude  farther  from  the  central  axis  than  when  the 
tool  is  employed  for  boring  purpoeeB. 

Fig.  Id  represents  a  parting-tool.  It  is  used  for  cutting  throogh 
or  dividing  work;'  and  is  made  widest  at  the  cutting  edge^  in  order 
that  the  metal  behind  may  not  come  in  contact  with  the  sidee  <^ 
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the  €PaL  A  tool  very  similar  iu  fonn  to  this  is  used  for  oattiiig  the 
dueads  of  screws^  ita  form  lK»ing  square,  T,  or  othenrise  aooordiiig 
to  the  ibna  of  the  thread  required  to  be  cut 

Fig.  19. 


A  numher  of  hand  tools  shown  in  Fig.  20,  are  used  with  the 
hilihe :  a  being  termed  a  grayer,  h  a  flat  tool  capable  of  springing 
slightlj,  e  a  screw  tool,  d  an  internal-screw  tooL  Following  the 
points  of  these  screw  tools,  are  threads  which  determine  the  pitch 
of  the  acrew  being  cut 

Fig.  90. 
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We  have  yet  to  notice  the  slotting  tool,  which  is  used  in  the 
vertical*motion  slotting  machine ;  it  is  of  the  form  shown.  Fig.  21, 
and  is  chiefly  used  for  slotting  out  wheels  to  receive  the  keys  or 
wedgee.by  which  they  are  fixed  to  their  shafts. 


Fig.  21. 


J 


The  machine  tools  already  mentioned,  are  used  with  the  turning 
lathe^  planing  machine,  and  slotting  machine ;  but  there  are  also 
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manj  forms  derived  firom  these  used,  to  effect  special  purposes, 
which,  however,  fire  so  similar  in  principle  that  it  is  tmnecessary 
here  to  dilate  upon  them. 

There  are  numerous  small  tools  or  cutters  used  in  the  turning 
lathe  and  drilling  machine,  principally  for  boring  purposes :  some 
of  these  are  shown  at  Fig.  22.    The  remaining  sketches  in  this 


Fig.S2. 


Li 


tJ 


V    V 


figure  show  various  forois  of  drills  used  in  the  lathe  and  drilling 
machine. 

Face  and  edge  cutters  of  various  forms  are  employed  for  groov- 
ing anil  trimming  work ;  they  are  made  by  raising  a  number  of 
ridges  or  cutting  edges  on  the  surfiice  or  periphery,  as  the  case  may 
be,  of  discs.  Punches,  shearing  edges,  taps,  &c.  used  in  machines, 
are  similar  in  their  general  form  to  the  same  tools  used  by  hand, 
but  stronger,  and  the  taps  used  for  making  screw  tools  are  called 
hobs. 


OHAPTEE  V. 
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Is  the  present  chapter,  we  propose  to  describe  and  illustrate^ 
samples  of  the  machinery  generally  required  in  the  &ctory  of  the 
mechanical  engineer.  It  woold  appear  most  reasonable  first  to 
describe  the  steam-engine,  by  which  the  workshop  machinery  is 
driven,  but  we  shall  not  do  so  in  this  place,  as  the  various  forms 
of  steam  machinery  are  fully  described  in  a  subsequent  part  of  this 
work.  We  may  also  here  obse^e,  that  as  the  forge  and  steam- 
hanmier  have  been  already  described,  we  shall  not  here  refer  to 
them. 

The  first  machine  to  which  we  shall  turn  our  attention,  is  the 
lathe,  which  is  perhaps  the  most  useful  ii^plement  with  which  the 
mechanical  engineer  is  provided.  Plate  Y.  represents  a  douUe- 
geared  lathe^  driven  by  steam-power ;  it  has  eighteen-inch  centres ; 
ihe  bottom  piece  is  the  bed  of  the  lathe,  the  surface  of  which  is 
very  accurately  formed,  by  means  to  be  hereafter  described ;  upon 
this  bed  at  one  extremity  is  mounted  a  heavy  head  stock,  which 
.carries  the  gearing  by  Which  the  lathe  is  driven ;  this  gearing  con- 
fiists  of  two  mandrils,  one  of  which  carries  diminishing  riggers, 
and  two  toothed  wheels ;  the  other  shaft  carries  also  two  toothed 
wheels,  gearing  with  the  former.  When  greater  variations  of 
speed  are  required  than  can  be  attained  by  the  speed  riggers  alone, 
these  are  loosened  from  the  shaft  by  slacking  a  nut,  which  pre- 
viously held  them  tight,  up  to  the  front  spur  wheel  on  the  main 
shaft  of  the  head  stock,  and  the  lathe  is  driven  through  the  inter- 
vention of  the  spur  gearing  on  the  other  shaft.  The  main  shaft  is 
called  the  mandril,  and  is  in  the  centre  of  the  lathe.  At  its  ex- 
tremity is  a  pinion,  which  gears  into  wheels  by  means  of  which  a 
long  screw  is  driven ;  this  screw  runs  the  entire  lAigth  of  the 
lathe  bed,  and  serves  to  propel  at  an  uniform  speed  the  slide  rest 

65 


56  KXCHAKICAIi  SNGlKBEBma. 

which  we  now  proceed  to  describe.  It  consists  of  a  stout  fonnda- 
tion-piece,  which  fits  aocoratelj  the  top  of  the  lathe  bed,  admitting 
of  a  sliding  motion  upon  it«  Upon  this  foundation-piece  is  placed 
another  slide  as  shown,  worked  by  a  screw  attached  to  the  founda- 
tion-piece :  its  motion  is  at  right  angles  to  the  lathe  bed.  Above 
this  is  a  smaller  slide,  also  worked  by  a  screw,  as  shown ;  it  moves 
parallel  to  the  lathe  bed,  but  admits  of  adjustment  to  any  required 
angle.  On  the  top  of  this  slide  the  cutting  tools  are  held  by  means 
of  short  bars  pressed  down  upon  them  by  nuts  working  on  studs, 
as  shown.  The  entire  slide  rest  admits  of  being  moved  along  the 
bed  of  the  lathe^  by  a  handle  acting  upon  a  pinion  gearing  in  a 
rack  attached  to  the  lathe  bed.  In  order  to  move  the  slide  in  this 
manner,  it  is  necessary  to  throw  it  out  of  gear  with  the  long  screw, 
or  leading  screw,  as  it  is  termed,  which  is  effected  by  opening  the 
gearing  nut,  made  in  two  parts,  in  order  that  it^may  admit  of  this 
ifiovement.  At  the  farther  end  of  the  lathabed,  is  shown  another 
head  stock  called  the  poppet  head ;  this,  like  the  front  head  stock, 
is  fiimished  with  a  mandril,  at  exactly  the  same  height  from  the 
lathe  bed.  The  mandril  in  this  head  is  hollow,  and  admits  of 
longitudinal  motion,  by  means  of  an  internal  screw,  worked  by  the 
hand  wheel  shown  at  the  back  of  the  head.  The  poppet  head  is 
also  capable  of  sliding  on  the  lathe  bed,  being  secured  in  any  re* 
quired  position  by  means  of  a  clamp  drawn  up  tight  against  the 
lower  side  of  the  top  of  the  lathe  bed,  by  means  of  the  bolt  and  nut 
shown.  Each  of  the  mandrils  is  fitted  with  a  conical  centre, 
whereby  work  to  be  operated  upon  is  supported.  On  the  mandril 
of  the  front  head  is  shown  a  disc  or  chuck,  whereby  the  work  in  the 
machine  is  caused  to  revolve  with  the  mandril.  Some  chucks  are 
simple  perforated  discs,  perforations  allowing  bolts  to  be  passed 
through,  by  means  of  which  the  work  is  secured.  Other  chucks 
are  made  with  L-shaped  pieces  of  iron,  or  dogs,  as  they  are  called, 
sliding  on  the  surface,  their  position  being  regulated  by  means  of 
screws  fixed  in  slots  in  the  chuck,  and  gearing  in  nuts  at  the  backs 
of  the  dogs.  A  cup  chuck  is  a  metal  cup,  having  in  its  periphery 
six  or  eight  set  screws,  by  means  of  which  articles  to  be  turned  or 
bored  are  held.  .  This,  like  the  other  chucks,  has  an  aperture  bored 
through  its  ^ntre,  screwed  inside,  in  order  that  it  may  be  attached 
to  the  screw  nose  of  the  mandril. 
Above  the  latter  is  shown  the  overhead  driving  gear.    It  con* 
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sists  of  a  flborl  ebaft^  8ii]^)orted  in  beariogs,  oairied  by  two  hanger 
bracketa.  On  this  shaft  are  fixed  firsts  a  pair  of  laige  &8t  and 
loose  riggers ;  second,  a  pair  of  small  riggers ;  thirdly,  speed  rig 
gers.  The  latter  are  oonnected  with  the  speed-riggers  on  the  man 
diil  of  the  front  lathe  head,  whilst  the  &8t  and  loose  pulleys,  large 
or  small,  as  the  case  may  be^  are  connected  by  a  strap  with  the 
main  driving  shafts  of  the  &ctory ;  when  the  lathe  is  to  be  driven, 
the  strap  is  placed  upon  the  &st  pulley,  which  being  firmly  keyed 
to  the  short  shaft>  the  latter  is  caused  to  revolve.  When  the  lathe 
is  to  be  stopped,  the/trap  is  shifted  to  the  loose  pulley.  The  strap 
is  shifted  by  means  of  a  fork,  fixed  on  a  gliding  bar,  as  showi^ 
which  may  be  moved  by  means  of  a  long  lever  or  handla 

For  boring  large  cylinders  in  the  lathe^  a  boring  bar  is  em« 
ployed,  being  placed  between  the  centres  and  within  the  cylinder 
to  be  boredj  which  }ftteT  is  bolted  down  to  the  lathe  bed.  Upon 
the  boring  bar  is  a  disc,  called  a  boring  head,  which  carries  small' 
cutters  to  operate  upon  the  interior />f  the  cylinder  to  be  bored ;  it 
is  moved  longitudinally  by  means  of  a  screw  let  into  a  groove  in 
the  boring  bar,  this  screw  being  caused  to  revolve  by  means  of 
gearing  at  one  extremity.  The  lathe  may  be  supported  on  iron 
firames  or  timber  blocks  as  may  be  most  convenient. 

We  will  now  proceed  to  describe  the  slotting  or  grooving  ma- 
chine, of  which  a  view  is  shown  (Plate  Y).  This  consists  of  a 
stout  frames  carrying  at  its  lower  extremity  a  table,  which  admits 
of  motion  in  three  directions, — ^forwards,  laterally,  and  a  revolving 
motion.  .  To  the  upper  part  of  the  frame  guide  blocks  are  attached, 
and  within  these  guide  blocks  a  square  bar  moves  vertically.  Mo* 
tion  is  imparted  to  this  bar  or  slide  by  means  of  a  link,  the  upper 
extremity  of  which  is  attached  to  a  pin,  which  forms  the  prolon- 
gation of  a  stud,  bolted  to  the  vertical  slide,  which  stud  is,  how- 
ever, adjustable  by  means  of  a  screw  working  within  the  slide. 
The  lower  end  of  the  link  is  attached  to  a  pin  capable  of  adjust- 
ment in  a  groove  running  diametrically  across  a  disc.  By  the  ad- 
justment of  the  position  of  tdis  pin  on  the  disc,  any  stroke  of  the 
vertical  slide  up  to  about  fourteen  inches  may  be  obtained.  The 
grooved  disc  is  carried  by  the  end  of  a  shaft,  to  the  other  extremity 
of  vhich  is  attached  a  Lvge  tooth  or  spur-wheel.  This  large  spur- 
^irheel  gears  with  the  pinion  on  the  driving  shaft,  the  tnotion  of 
which  is  rendered  more  uniform  by  a  fly-wheel  firmly  keyed  on  to 
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it  The  apparatus  is  fitted  with  speed-riggers  and  overhead  motion, 
similar  in  principle  to  those  famished  to  the  lathe  already  described. 
On  the  secondary  shaft,  that  which  carries  the  grooved  disc,  is  fixed 
a  cam,  as  shown,  coilsisting  of  a  cylinder,  having  on  its  periphery 
a  groove  formed  like  a  screw,  returning  into  itself.  This  groove  is 
fitted  with  a  pin,  carried  at  the  extremity  of  one  arm  of  a  bell* 
crank.  To  the  other  arm  of  the  bell-crank  is  attached  by  a  pin  a 
link,  the  lower  extremity  of  which  is  connected  with  a  second 
crank,  carrying  also  a  pall,  by  means  of  which  a  feed  or  self-acting 
motion  is  given  to  the  table  for  the  machine^  for  as  the  cam  re* 
volves  the  pall  moves  backwards  and  forwards,  sliding  over  the 
teeth  of  the  wheel  in  one  direction,  and  pushing  the  wheel  before 
it  on  its  return.  The  wheel  can  thus  be  made  to  revolve  by  inter- 
mittent movements  in  either  direction,  by  turning  the  pall  on  either 
laide  of  the  centre  as  may  be  required,  or,  if  necessary,  the  pall  can 
*be  thrown  out  of  gear  altogether.  There  is  another  link  proceed- 
ing fi'om  the  bell-crank,  which  carries  this  pall  to  an  arm  working 
upon  the  centre  of  another  wheel,  which  is  also  fitted  with  a  pall, 
in  order  to  obtain  self-acting  motion  of  the  table  laterally.  To  the 
lower  extremity  of  the  vertical  slide  are  fitted  two  clamps  for 
holding  the  cutting  tool  as  shown.  The  machine  here  illustrated 
admits  of  articles  of  very  large  diameter,  nearly  eight  feet,  being 
intended  to  slot  railway  wheels ;  but  for  other  purposes  similar 
apparatus  are  made  with  less  clearance.  - 

Plate  Vn.  exhibits  a  very  simple  but  usefiil  form  of  shaping 
machines.  It  consists  of  a  stout  table  or  foundation-piece,  to  one 
side  of  which  is  attached  a  table  or  chuck,  to  hold  work  whilst  it 
is  undergoing  the  process  of  planing.  This  table  may  be  raised 
and  lowered  by  means  of  a  vertical  screw,  being  kept  in  position 
by  guide  blocks  working  in  two  vertical  screws.  To  the  op- 
J)osite  side  of  iha  foundation-piece  brackets  are  attached,  carrying 
a  short  shaf};,  on  which  speed-riggers  and  spur-wheels  are  fixed* 
One  of  those  spur-wheels  gears  in  a  larger  wheel  placed  above  and 
behind  it.  This  wheel  is  fixed  on  a  shaft  carrying  a  slotted  dftgc^ 
•  which,  by  means  of  a  link,  similar  to  that  described  as  appertain- 
ing to  the  slotting  machine,  drives  a  horizontal  slide.  To  the  ex- 
tremity of  this  slide,  by  means  of  set  screws,  shown,  the  cutting 
tool  is  held  in  a  frame  capable  of  oscillating  on  an  axis,  in  order 
to  allow  the  cutting  tool  to  rise  on  the  return  stroke,  thereby  pre- 
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^renting  the  riak  of  breakage.  The  tool  is  capable  of  adjustment 
vertically  b j  a  rertical  screW;  and  angularly  by  a  tangent  screw 
and  quadrant^  as  shown  in  the  firont  elevation.  The  horijsontal 
dide,  with  the  catting  tool  and  gearing,  adoEdts  of  a  lateral  mo- 
tion, being  fltted^accnrately  to  the  upper  surface  of  the  foundation- 
pieoe,  this  lateral  motion  being  imparted  to  it  by  means  of  a  screw 
and  nut.  All  the  movements  in  this  machine  may,  if  it  is  desired, 
be  fitted  with  feeds,  in  order  to  render  it  self-acting.  We  may 
here  observe  that  the  grooves  in  the  chuck  or  table  are  undercut^ 
in  order  to  admit  the  heads  of  bolts,  whereby  the  work  is  securely 
jQxed.    The  usual  driving  gear  is  famished  to  this  machine. 

We  will  now  proceed  with  the  description  of  a  drilling  machiiie^ 
illustrated  Plate  YIIL  This  machine  consists  of  a  stout  firame^ 
carrying  at  its  lower  part  a  table  or  chuck  capable  of  vertical  mo- 
tion, and  at  its  upper  part  two  arms,  supporting  the  drilling  gear. 
The  driving  riggers  and  aocomptmying  gearing  are  similar  to  that' 
exhibited  on  the  head  stock  of  the  lathe  previously  described ;  but 
motion  is  communicated  firom  the  horizontal  mandril  to  the  vertical 
epindle  by  means  of  bevelled  or  mitred  wheels,  as  shown.  The 
Tertical  spindle  is  hollow,  containing  the  drilling  shafts  which  has 
at  its  lower  extremity  a  socket  for  the  drills^  and  at  its  upper  ex- 
tremity a  screw  by  which  it  is  raised  or  lowered  At  the  back  end 
of  the  horizontal  driving  shaft  are  some  small  speed  pulleys  con- 
nected by  a  strap  with  a  similar  series  on  a  parallel  shaft  placed 
lower  down,'  and  having  at  its  front  extremity  a  short  screw,  which 
gears  with  a  worm-wheel  on  the  lower  end  of  a  vertical  shafts  par- 
allel with  the  drilling  spindle.  The  upper  end  of  this  shaft  carries 
a  apur-wheelf  which  gears  with  another  fixed  to  the  nut,  by  which 
the  screw  attached  to  the  upper  end  of  the  drilling  spindle  is  raised 
or  lowered ;  thus  the  machine  is  made  self-acting.  To  the  lower 
end  of  the  smaller  vertical  shaft  is  fixed,  as  shoiYn,«a  hand- wheel, 
so  that  the  feed  may  be  applied  by  hand,  if  required.  This  ma- 
ehine  may  be  used  either  with  drills  or  small  boring  bars,  carrying 
emitters  fixed  in  slots.    The  driving  gear  is  of  the  usual  form. 

Plate  IX.  represents  a  planing  machine.    It  consists  of  a  stout 
bed  or  foundation-piece,  furnished  with  two  gixx>ves.    Upon  this  ' 
bed  slides  a  table  furnished  with  pieces,  which  fit  the  grooves. 
This  table  is  caused  to  move  rectilinearly  by  a  pinion  acting  upon 
a  rack  attached  to  its  low^  side.    This  pinion  is  driven  by  gear- 
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ing  connecting  it  with  a  driving  shaft  having  three  wheels  or  rig- 
gers, the  centre  one  being  loose  and  the  outer  two  being^  so 
arranged  that  when  the  strap  is  on  one  wheel  a  slow  motion  to- 
wards the  cntting-tool  is  obtained,  and  when  it  is  upon  the  other 
wheel  a  rapid  motion  from  the  cutting-tool  is  obtained.  The  strap 
is  shifted  at  the  end  of  each  stroke  by  means  of  a  pair  of  stop^ 
clamped  to  the  bottom  of  the  table.  These  stops  strike  an  arm  on 
a  shaft,  throwing  it  backwards  and  forwards,  whereby  the  motion 
is  reversed  and  the  requisite  feed  imparted  to  the  cutting  tool. 
Near  one  end  of  the  bed  a  pair  of  stout  frames  are  fixed,  one  on 
each  side,  connected  at  the  top  by  a  strong  bracing  piece.  The 
front  fjEwes  of  the  upright  posts  of  these  frames  are  accurately  fin- 
ished, and  carry  a  long  transverse  slide,  which  may  be  raised  or 
lowered  by  means  of  vertical  screws  outside  the  post,  worked  by 
bevel  wheels  gearing  into  others,  fixed  on  a  transverse  shaft  pass- 
ing over  the  top  of  the  frames.  On  the  centre  of  the  transverse 
slide  is  the  tool-holder,  fitted  on  a  slide  with  a  vertical  adjustment^ 
and  also  an  angular  adjustment  This  slide  may  be  moved  hori- 
zontally or  vertically  by  the  self-feeding  apparatus  mentioned 
above ;  the  former  being  obtained  by  means  of  a  screw  in  the 
transverse  slide,  and  the  latter  by  a  sliding  bevel-wheel  on  a  shaft 
in  the  same,  which  gears  with  another  bevel-wheel  on  the  vertical 
adjusting  screw  of  the  tool-holder.  In  this  apparatus,  as  in  the 
shaping  machine,  the  tool  rises  at  the  return  stroke  of  the  table, 
the  tool-holder  working  upon  gudgeons.  In  order  to  plane  the 
sides  of  wide  work,  tool-holders  are  attached  to  the  vertical  posts 
of  the  side  frames  or*8tandards.  The  feed  is  applied  by  means  of 
palls,  the  arms  to  which  they  are  attached  being  worked  by  a  ver- 
tical rod,  which  rises  and  falls  according  to  the  motion  of  the 
shaft;^  by  which  the  strap  is  shifted  at  the  termination  of  each 
stroke. 

Plate  X.  exhibits  a  view  of  a  punching  machine  of  peculiar  con- 
struction. On  one  side  of  the  apparatus  is  a  punching,  on  the 
other  side  a  shearing,  arrangement  These  are  worked  by  levers^ 
as  shown,  the  pimch  and  upper  shearing  edge  being  alternately 
raised  and  lowered  by  means  of  the  cams,  shown  in  dotted  lines. 
These  cams  are  upon  a  shaft  carrying  a  large  spur-wheel,  to  which 
motion  is  communicated  by  a  pinion  on  the  driving  shaft. 

Punching  and  shearing  machines  are  generally  made  with  ver- 


OK  WOBESHOP  HACHIKSBT.  61 

tical  slides,  as  in  the  above  apparatuis ;  which,  however,  are  driven 
by  eccentrics  working  in  rectangular  spaces  within  them,  of  such 
dimensions  that  the  width  of  the  aperture  allows  for  the  lateral 
play  of  the  eccentric ;  whereas  the  height  of  the  aperture  is  equal 
to  ^e  diameter  of  the  eccentric. 

Messrs.  0.  De  Bergue  and  Co.  have  patented  an  exceedingly  in- 
genious punching  and  shearing  machine.  It  consists  mainly  of  a 
gtont  frame,  containing  within  it  a  rocking-frame  worked  by  an 
eccentric.  The  lower  part  of  this  frame  is  wide,  carrying  on  one 
side  a  shearing  edge,  on  the  other  a  punch. 

Mr.  Cochrane^  of  the  Woodside  Iron-works^  Dudley,  has  con* 
structed  some  drilling  machines,  containing  eighty  drills  each,  to 
drill  the  plates  of  the  railway  bridge  now  in  construction  at  Char- 
ing Cross.  The  feed  is  applied  by  hydraulic  pressure.  It  has 
'been  found  that  with  eighty  one-inch  drills  plates  five  eighths  of 
an  inch  could  be  economically  perforated  in  fifteen  minutes. 

Besides  the  machinery  already  noticed,  machines  are  made  in 
which  nuts  and  screws  can  be  produced.  They  are  fitted  with 
easily  moved  slide  rests,  which  rests  are  drawn  along  by  the  action 
of  the  threads  following  the  cutting  edges. 

The  nut-shaping  machine  consists  of  a  tabl^  to  which  is  fitted  a 
head  stock  and  driving  gear;  npon  the  mandril  is  a  rotatory 
cutter,  with  cutting  edges  on  its  face  and  also  on  its  periphery.  In 
front  of  this  cutter  is  a  circular  piece  of  metal,  formed  with  six  or 
eight  equidistant  notches  in  its  edge,  into  which  a  pall  may  be 
caused  to  Mi,  to  retain  the  plate  or  chuck  during  the  operation  of 
fBucing  one  side.    The  top  of  the  nut  is  fiaced  by  the  periphery. 

A  dividing  engine  is  a  species  of  lathe  with  a  divided  chuck^ 
palls  idling  into  the  divisions. 

In  addition  to  the  machines  described,  other  apparatus  are  fre- 
quently required  for  the  execution  of  work  of  a  peculiar  character. 

Some  minor  machines  will  be  described  whilst  treating  of  the 
manipulations  conducted  in  the  workshop. 


OHAPTEB  VI. 


ON  MANIPULAHOK. 


In  the  'present  chapter  we  purpose  to  describe  the  manipulations 
with  which  the  mechanical  engineer  must  be  acquainted  in  order 
to  reduce  rough  castings  and  forgings  to  accurate  forms,  and  to  fit 
together  and  erect  the  machines  of  which  those  forms  are  the 
element^ 

The  most  convenient  method  of  describing  these  manipulations 
will  be  to  commence  with  the  rough  castings  and  forgings,  and 
follow  them  through  the  various  processes  which  they  must  un- 
dergo previous  to  their  completion.  Let  us  commence  with  the 
casting  of  a  steam-engine  cylinder,  with  its  covers  and  slides.  The 
cylinder  may  first  be  fixed  upon  the  bed  of  the,  lathe  and  bored, 
liie  boring  being  effected  in  the  following  manner.  Let  tho 
boring-bar  be  placed  between  the  centres,  and  fitted  with  a  boring- 
head,  in  diameter  nearly  equal  to  the  internal  diameter  of  the 
cylinder,  Li  this  boring-head  several  cutters  are  fixed,  the  angles 
<rf  the  cutting  edges  being  nearly  90*^.  By  this  means  we  may 
•  remove  the  greater  portion  of  the  excess  of  the  material ;  but  in 
taking  the  last  cut,  the  lathe  must  not  be  stopped  after  the  com- 
mencement of  the  cut  until  the  completion  of  the  same,  and  the 
cut  should  be  taken  by  a  point-tool,  which  will  give  jnost  accurate 
results ;  for  although  the  interior  of  the  cylinder  may  look  and 
feel  rough,. it  will  be  fo\md  after  a  few  days  of  active  working  to 
have  worn  smooth,  which  will  not  occur  so  satisfactorily  if  the 
cylinder  be  improperly  bored. 

The  ends  or  flanges  of  the  cylinder  may  also  be  faced  up  before 
removing  it  &om  the  lathe  hj  cutters  fixed  to  a  slide  attached  to 
the  boring-head. 

The  cylinder  having  been  bored,  it  may  be  removed  to  the  plan- 
ing machine,  where  the  port  faces  may  be  planed ;  in  this,  as  in 
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ihi  last  opeiation,  the  finishing  cut  sliould  be  taken  by  a  point- 
tooL  These  port  &oes  will  subsequently  require  further  treatment 
to  reduce  them  to  a  plane  surface  as  nearly  as  possible ;  but  we 
will  now  consider  the  preparation  of  the  cylinder  covers. 

Each  cylinder  cover  may  be  chucked  in  an  ordinary  lathe^ 
turned  on  the  edge,  faced  on  the  under  side  of  the  flange,  and  the 
upper  cover  bored  out  at  the  stuffing-box.  The  covers  ma^  then 
be  placed  in  position  up<9n  the  cylinder,  and  the  holes  by  which 
they  are  to  be  connected  with  the  latter  drilled  under  the  drilling* 
machine. 

We  will  next  speak  of  the  operation  of  facing  the  ^rts ;  we 
must,  however,  first  pause  to  mention  the  instruments  used  by  the 
engineer  to  measure  and  mark  out  his  work.  The  first  of  these^ 
the  dividers  or  compasses,  are  too  well  known  to  need  any  desorip* 
tion  at  our  hands.  The  callipers,  intended  for  taking  diameten 
and  thicknesses,  are  similar  to  compasses,  with  curved  legs ;  for 
taking  thicknesses  and  diameters  external,  the  legs  should  be 
bowed  outwards,  but  for  taking  che  width  of  recesses  and  internal 
diameters,  they  should  be  bowed  inwards ;  but  one  pair  may  be 
made  to  answer  both  purposes.  The  mechanic  will  also  require 
squares^  straight-edges^  and  planometers,  or  surface-plates.  Squares 
may  be  tested  by  ruling  a  very  fine  line,  holding  the  pencU  close 
against  the  edge  of  the  square,  then  reversing  the  square,  and 
drawing  another  fine  line  coinciding  at  some  point  with  the  for* 
mer;  the\i  if  the  lihes  coincide  throughout^  the  square  is  correct^ 
if  not^  the  contrary  is  the  case.  The  straightnees  of  the  blade  of 
the  square  may  be  tested  in  the  same  way  as  that  of  an  ordiliary  • 
0traight-edge»  which  is  effected  thus :  rule  a  line  as  before,  after 
which  turh  the  straight-edge  end  for  end,  make  the  two  ends  of  the 
straight-edge  coincide  with  the  extremities  of  the  line  already 
ruled,  then  rfile  another  fine  line ;  if  this  coincides  in  every  part 
of  its  length  with  the  first  line^  then  is  the  straight-edge  accurate  ^ 
but  if  otherwise,  the  two  lines  will  contain  a  Ipace^  and  as  two 
straight  lines  cannot  contain  a  spaced  the  edge  must  be  inaccurate. 

It  may  be  interesting  here  to  describe  the  method  to  be  pursued 
in  jnaking  a  straight-edge.  Three  straight-edges  should  be  made 
together ;  for  this  purpose  three  strips  of  metal  are  laid  side  by 
side^  and  planed  as  true  as  possible ;  we  will  number  them  one, 
two>  and  three.    In  the  first  place,  numbers  one  and  two  arc  filed 
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and  scraped'until  they  acourately  lit  eaoli  other;  so  that,  when  held 
up  to  the  light,  no  light  can  be  seen  between  them.  Numbers  one 
and  three  and  two  and  three  must  also  be  made  to  agree ;  then, 
when  any  two  of  the  straight-edges,  taken  indiscriminately,  accu- 
rately coincide,  all  the  straight-edges  are  perfectly  true. 

We  will  now  proceed  to  describe  the  planometer,  or  surface* 
plate,  in  reference  to  its  construction  and  use.  Two  should  be 
made  together ;  they  should  consist  of  a  flat  cast-iron  plate,  sup- 
ported by  webs  at  the  back ;  the  two  plates  are  planed  with  a 
point  tool,  then  jSled  and  scraped  until,  if  a  straight-edge  be  laid 
upon  one'  in  any  position,  the  light  cannot  be  seen  between  the 
straight-edge  and  surface-plate.  Euddle,  or  other  red  coloring- 
matter,  is  then  rubbed  upon  one  of  the  two  surface-plates,  and  the 
other  surface-plate  is  placed  upon  it  and  moved  about,  when  it  is 
evident  the  highest  points,  or  points  of  contact  of  the  two  plates, 
will  be  colored ;  these  are  scraped  down,  and  the  process  repeated 
continually,  until  upon  rubbing  the  plates  together  the  coloring- 
matter  becomes  uniformly  distributed  upon  the  entire  surface. 

In  the  same  manner  as  the  planometer  is  made,  the  port-faces 
of  the  steam-cylinder  are  made  true,  ruddle  being  rubbed  on  the 
planometer,  which  is  then  moved  about  upon  the  port-face ;  the 
parts  of  the  port-face  which  become  colored  represent  the  highest 
points,  which  are  therefore  scraped  down,  and  the  process  repeated 
continually  until  the  bearing  is  uniform,  which  is  indicated  by 
uniformity  of  the  color  taken  up  by  the  port-&ce.  The  slide 
which  moves  upon  the  port-face  is  then,  by  means  of  the  plano- 
'  meter,  brought  to  as  true  a  surface  as  possible,  after  which  the 
sUde  and  port-face  are  by  a  similar  method  made  to  bear  accurately 
upon  each  other. 

K  any  part  of  the  cylinder  be  of  intricate  curved  form,  the 

to  operate  upon  such  part;  if,  however,  this  apparatus  is  not 
appligable,  tlien  must  the  surface  be  finished  by  hand. 

We  now  proceed  to  consider  the  completion  of  the  piston  and 
piston  rod.  The  body  of  the  piston  will  consist  of  a  short  cylin- 
drical piece,  or  disc,  having  on  its  lower  surface  a  flange  and 
being  fitted  at  its  upper  surface  with  a  movable  flange,  called  a 
jtmk-ring,  this  junk-ring  being  retained  in  position  by  bolts. 
Between  the  two  flanges,  and  around  the  body  of  the  piston,  are 
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placed  elastic  packing-rings  of  cast-iron;  these  rings  are  cut 
thicker  on  one  side  than  on  the  other,  in  order  that  they  may  be 
equally  elastic  all  round.  The  upper  and  lower  surfaces  of  these 
rings  must  be  accurately  fitted  by  scraping  to  the  flanges  of  the 
piston ;  the  body  of  the  piston  is  bored  in  the  centre  in  order  to 
allow  of  the  attachment  of  the  piston-rod,  which  is  fixed  in  position 
by  a  bolt,  or  nuj,  or  by  a  key,  or  other  convenient  means. 

We  next  come  to  the  construction  of  the  piston-rod,  which  is 
usually  made  of  round  iron.  .  A  piece  of  suitable  dimensions 
having  been  chosen,  the  centre  of  each  extremity  is  found  as 
nearly  as  possible,  marked  with  a  centre-punch,  and  by  the  in- 
dentations thus  made  the  bar  is  suspended  between  the  lathe- 
centres  and  caused  to  revolve  while  a  piece  of  chalk  is  held 
against  it  If  it  does  not  run  truly  between  the  lathe-centres,  the 
highest  parts  will  be  indicated  by  a  chalk-mark.  The  bar  is  then 
removed  firom  the  lathe  and  recentred,  and  the  operation  repeated 
until  the  centres  are  sufficiently  accurate  in  position,  after  which 
a  ring  is  passed  over  one  end  of  the  bar^  and  firmly  held  upon  it 
by  means  of  a  set  screw :  this  ring  has  at  one  part  of  its  periphery 
an  arm,  and  is  called  a  carrier.  The  bar  is  then  replaced  in  the 
lathe,  with  the  carrier  next  to  the  chuck  on  the  lathe  mandril,  so- 
that  the  work  may  be  caused  to  revolve  by  means  of  a  bolt 
attached  to  the  chuck,  which  comes  in  contact  with  the  arm  on 
the  carrier. 

The  greater  part  of  the  superfluous  metal  is  then  removed  at 
one  ctit  by  means  of  a  point  tool,  after  which  the  remainder  of  the 
metal  over  and  above  the  necessary  quantity  is  removed  by  a 
lighter  cut,  when  the  piston  rod  may  be  fitted  to  the  piston. 

We  will  now  describe  the  remaining  implements  used  by  the 
fitter  and  erecter  for  the  completion  of  work  which  has  already 
been  operated  upon  in  the  lathe  or  other  machine. 

The  first  and  most  indispensable  piece  of  apparatus  is  the  tail- 
vice,  or  smith's  vice,  shown  Fig.  23.  It  consists  of  a  large  vice 
with  long  jaws,  one  of  which  is  prolonged  into  a  tail,  the  lower 
extremity  of  the  tail  being  fixed  in  a  block  attached  to  the  floor ; 
at  the  upper  part  of  the  vice,  just  beneath  the  screw  by  which 
the  jaws  are  closed,  is  a  strip  of  iron,  by  means  of  which  the  vice 
is  firmly  screwed  to  the  work-bench.  The  vice  should  be  fur-* 
nished  with  pieces  of  tin  and  copper,  to  hold  work  which  would 
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be  damaged  by  the  teeth  of  the  vice ;  Hao,  for  a  similar  purpose, 
dama  should  be  made  of  an  alloy  consisting  of  nine  and  a  half 
parts  of  lead  to  one  part  of  antimony. 

The  fitter  and  ereeter  will  also  require  a 
Bcribing-block,  which  consists  of  a  piece  of  metal 
jointed  toawooden.block  at  one  end,  and  having 
at  the  other  a  point ;  it  ia  useM  for  marlring 
centres,  and  for  similar  purposes. 

In  filing  flat  sur&ces  considerable  practice  is 
required,  in  order  to  avoid  rounding  them,  in 
whidi  consists  the  proper  use  of  the  file ;  and 
this  is  a  matter  in  which  nothing  short  of  actual 
experience  can  be  of  any  value,  hence  we  shall 
not  farther  dilate  upon  it. 

In  fitting  round  surfaces,  such  as  a  sh^  to 
its  bearings,  a  method  somewhat  similar  to  that 
used  for  truing  plane  surfaces  is  used ;  the  shaft 
is  turned .  and  the  bearings  are  bored  as  accu- 
rately as  possible,  after  which  some  ruddle  is 
rabbed  upon  the  shaft,  which  is  then  worked  in  contact  with  the 
-bearings.     By  this  means  the  first  points  of  contact  are  indicated, 
which  are  scraped  down,  and  the  process  repeated  until  a  suf&cient 
d^ee  of  accuracy  is  attained. 

In  conclusion  of  these  brief  remarks  upon  manipulation,  we 
may'observe  that  in  erecting  machinery  it  ia  very  necessary  to 
have  marks  upon  various  parts  in  line  with  each  other,  in  order 
to  supply  a  means  of  determining  whether  any  settlement  or  other 
derai^iement  occurs  subsequently. 


CHAPTER  TO. 

OS  THE  PHTSICAL  BASIS  OF  THS  8TXAIC-XN0INS.* 

In  the  present  chapter  we  purpose  to  treat  of  the  physioal  basil* 
of  the  steam-engine,  or  in  other  words  to  examine  the  physical 
force  upon  which  the  action  of  the  steam-engine  depends,  this  force 
being  heat 

With  regard  to  the  theory  of  heat,  we  cannot  prove,  certainly, 
in  what  heat  consists ;  but  it  seems  highly  probable  that  it  consists 
in  motion  of  the  atoms  of  which  yarious  bodies  are  composed. 
The  ordinary  effects  of  heat,  such  as  expansion,  contraction,  liquet 
faction,  and  volatilization,  are  too  well  known  to  require  any 
account  at  our  hands ;  but  we  have  yet  to  explain  the  circuit- 
stances  under  which  these  phenomena  take  place. 

We  must  £rst  mention  the  manner  in  which  heat  is  conveyed 
from  place  to  place.  This  may  occur  in  three  different  ways, — ^by 
radiation,  by  conduction,  and  by  convection.  By  the  first  method 
we  xmderstand  the  heat  to  be  propagated  through  gaseous  matter ; 
thus,  if  we  hold  our  hand  in  the  neighborhood  of  a  heated*  body 
we  experience  a  sensation  of  warmth,  the  heat  being  radiated,  as 
it  is  termed,  through  the  air  and  communicated  to  the  hand.  The 
term  ccmduction  signifies  the  passage  of  heat  through  a  solid 
body;  thus  if  we  place  the  end  of  a  bar  of  metal  in  a  furnace,* 
keying  hold  of  the  other  end,  we  shall,  after  a  short  space  of  time, 
find  that  the  heat  has  passed  along  the  bar  and  is  communicated 
to  the  hand.  Let  Us  now  compare  these  processes  of  radiation  and 
conduction  in  order  to  determine  in  what  relation  they  stand  to 
each  other.  If  we  accept  the  dynamic  theory  of  heat,  the  follow- 
ing explanation  will  hold  good.  In  the  case  of  radiation  in  the 
example  first  mentioned,  the  atoms  of  which  the  heated  body 
consists  are  moving  within  a  certain  limited  sphere  with  an 
abnormal  velocity,  the  sphere  being  increased  according  to  the 

*  See  Preface. 
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velocity  with  whicli  they  move,  thus  creating  expansion;  these 
atoms  communicate  motibn  to  the  neighboring  atoms  of  the  cir- 
cumambient air,  which  communicate  their  motion  to  other  atoms 
of  air,,  until  the  hand  is  reached.  In  the  second  example,  the 
movement  of  the  heated  particles  in  the  furnace  is  communicated 
to  the  nearest  atoms  of  the  bar  of  iron,  from  these  to  the  next,  and 
so  on  to  the  farther  extremity.  These  two  examples  differ  only  in 
the  meditmi  through  which  the  heat  is  propagated, — ^in  the  one 
case  it  is  gaseous,  and  in  the  other  it  is  solid,  but  in  both  cases 
the  method  of  propagation  appears  similar.  A  portion  of  the 
heat  is,  however,  carried  off  by  the  heated  particles  of  air  by  the 
method  of  convection  which  we  will  now  proceed  to  describe. 

Let  us  suppose  that  we  apply  heat  to  a  liqmd,  say  water,  we 
shall  find  that  the  heated  particles  will  rise  to  the  surface,  being 
replaced  by  cooler  ones :  thus  the  heat  is  conveyed  away,  the 
heated  particles  passing  away  from  the  source  of  heat.  A  similar 
'result  occurs  when  gases  are  heated,  an  upward  current  being 
created.  The  motion  of  the  particles  away  jfrom  the  source  of 
heat  in  the  case  of  convection,  is  easy  of  explanation  according  to 
the  dynamic  theory.  We  may  suppose  that  the  atoms  nearest  the 
source  of  heat,  when  their  temperature  is  raised,  revolve  in  their 
spheres  with  increased  rapidity,  at  the  same  time  increasing  the 
range  of  their  sphere  of  rotation ;  thus,  a  fewer  number  of  atoms 
will  be  contained  in  a  given  bulk  at  any  given  temperature,  than 
will  be  contained  in  the  same  bulk  at  a  lower  temperature ;  hence 
the  specific  gravity  of  the  heated  liquid  will  be  less  than  that  of 
the  cool  liquid,  wherefore  the  former  will  rise  to  the  surface  of  \ 
the  latter  with  a  velocity  proportional  to  the  difference  of  tern- 
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perature,  thus  producing  the  phenomena  of  convection. 

We  may  next  speak  of  the  .so-called  latent  heat,  a  term  which 
we  conside/as  tending  to  lead  to  erroneous  conclusions. 

If  we  evaporate  say  one  ounce  of  water,  and  cause  the  whole 
of  the  resulting  one  ounce  of  steam  to  pass  into  cold  water,  we 
shall  find  that  it  is  capable  of  raising  five  or  six  ounces  of  water 
to  the  boiling-point.  At  first  sight  this  appears  somewhat  inex- 
plicable, for  we  have  one  ounce  of  water  raised  to  a  temperature 
of  212®,  and  evaporated  from  that  temperature,  yielding  one 
ounce  of  steam  also  at  212°,  yet  when  this  one  ounce  of  steam  is 
condensed,  the  heat  contained  in  it  is  found  capable  of  raising  five 
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or  six  otmces  of  water  at  a  normal  temperature  to  tlie  boiling- 
point,  212® ;  thus  the  steam  has  yielded  in  condensation  about 
1000°  of  temperature  beyond  that  indicated  by  the  thermometer. 
That  the  steam  contained  that  heat  Was  certain,  and  also  that  its 
presence  could  not  be  determined  in  a  direct  manner,  and  at  the 
same  time  the  duty  done  by  such  heat  did  not  appear  evident  to 
the  discoverer  of  the  fact ;  hence,  this  1000°  of  heat  being  hidden 
as  it  were  in  the  steam,  was  called  latent  heat.  It  appears,  how- 
ever, that  this  heat  is  absorbed  in  changing  the  physical  condition 
of  the  aqueous  particles,  being  recovered  when  those  particles  are 
restored  to  their  original  condition. 

It  is  also  observed  that  whenever  a  body  is  expanded,  heat  dis- 
appears, or  is  absorbed  by  that  body ;  and  whenever  a  body  is 
condensed,  heat  is  evolved.  And  the  converse  also  holds  good : 
whenever  heat  is  evolved  condensation  takes  place ;  and  whenever 
heat  is  absorbed  expansion  takes  place.  As  an  example  of  the 
first  case,  let  us  suppose  a  vessel  to  be  filled  with  compressed  air 
or  steam,  and  allow  this  air  or  steam  to  issue  through  an  aperture, 
then  as  it  passes  into  the  atmosphere  it  will  be  relieved  from  pres- 
sure, and  will  therefore  expand,  and  upon  holding  the  hand  in  the 
current  of  air,  a  cooling  influence  will  be  felt,  the^ait  in.  its  ex- 
pansion absorbing  heat  from  the  hand.  The  same  will  take  place 
in  the  case  of  the  jet  of  steam,  which  is  more  curious,  because  the 
steam  exists  at  a  much  higher  temperature  than  the  air.  This 
result,  viz.,  the  cooling  influence  of  a  jet  of  steam,  is  not  obtained 
imless  steam  of  a  high  pressure  be  xised. 

With  regard  to  the  evolution  of  heat  under  the  case  ci 
condensation,  we  might  quote  many  instances  as  examples; 
the  condensation  of  steam  is,  however,  suj£cient  for  our  pur- 
pose. 

We  may  quote  one  example  in  support  of  the  statement  that 
wherever  heat  is  evolved  condensation  takes  place.  This  examina- 
tion consists  in  the  combustion  of  a  jet  of  hydrogen  gas  in  an 
atmosphere  of  oxygen ;  in  this  case  a  very  great  degree  of  heat 
is  evolved,  as  is  observed  in  the  case  of  the  oxyhydrogen  blow- 
pipe, and  a  very  great  degree  of  condensation  occurs ;  the  amount 
may  be  imagined  from  the  following  approximate  figures:  To 
produce  one  cubic  inch  of  water,  nine  hundred  cubic  inches  of 
oxygen  and  eighteen  hundred  cubic  inches  of  hydrogen  will  bo 
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required;  thus  a  bulk  of  two  thousand  seven  hundred  cubic 
inches  of  gas  i^  condensed  into  one  cubic  inch  of  water. 

With  regard  to  the  absorption  of  heat  occurring  in  conjunction 
with  the  expansion  of  bodies,  we  may  refer  to  volatilization, 
which  never  takes  place  without  a  certain  quantity  of  heat  being 
absorbed  over  and  above  that  which  is  indicated  by  the  ther- 
mometer. 

We  will  next  proceed  to  speak  of  what  is  termed  speciiic  heat. 
We  may  illustrate  the  meaning  of  this  term  most  clearly  by  taking 
•rtL  example.  Let  us  suppose  that  a  certain  quantity  of  hydrogen 
gas  must  be  burnt  to  raise  a  pound  of  water  10°,  then  the  com- 
bxistion  of  the  same  quantity  of  hydrogen  will  raise  eight  pounds 
of  iron  10° ;  we  therefore  say,  that  the  specific  heat  of  iron  is 
0*125  or  ^,  if  that  of  water  is  called  1  or  unity. 

From  researches  on  heat,  Petit  and  Dulong  have  deduced  a  law 
that  the  specific  heat  is  ^e  same  for  the  atoms  of  all  simple  bodies, 
and  this  law  is  to  a  certain  extent  borne  out  by  experiment. 

We  will  now  pass  on  to  the  transformation  of  heat  into  work 
or  motion. 

Heat  and  motion  being  mutually  transformable  into  each  other, 
it  would  appear  that  some  constant  ratio  should  exist  between  the 
quantity  of  heat  and  the  work  efiected  by  it,  or  between  the 
amoimt  of  work  required  to  evolve  a  certain  amount  of  heat  and 
the  heat  evolved  by  such  work ;  or  in  other  words,  that  some  me- 
chanical equivalent  to  heat  should  exist.  It  is  perhaps  necessary 
here  to  mention  what  is  meant  by  the  term  work,  in  its  real  sense ; 
it  is  a  force  exerted  through  a  space,  and  the  intensity  of  the 
force,  multiplied  by  the  space  through  which  it  acts,  is  equal  to 
the  work  done ;  and  in  this  consists  the  difference  between  dyna- 
mic and  static  force,  for  the  lafter  is  a  force  at  rest,  or  a  pressure 
which  is  balanced  by  some  other  equivalent  pressure,  or  by  a 
number  of  pressures,  of  which  the  resultant  is  equivalent  to  it ; 
but  in  the  case  of  dynamic  force  the  pressure  is  not  so  balanced, 
and  in  consequence,  motion  is  produced. 

The  amount  of  work  executed  in  any  particular  case  we  shall 
state  in  foot-pounds,-^that  is  to  say,  we  shall  obtain  our  valuation 
of  the  work  done  by  multiplying  the  force  in  pounds  by  the  dis- 
tance it  passes  through  in  feet.  Thus,  if  a  force  of  weight  equal 
to  80  pounds  is  caused  to  act  throjigh  a  distance  of  12  fb.,  the 
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work  done  will  amoimfc  to  860  ft-lbs.;  abo,  if  a  force  equal  to  00 
pounds  is  caused  to  act  througli  a  distanoe  of  6  feeli  we  shall  also 
obUin  an  amount  of  work  equal  to  360  ft-lbs.  We  will  now  re- 
torn  to  the  mechanical  equivalent  of  heat.  Dr.  Joule  some  tLme 
sinoe  made  some  careful  experiments  in  order  to  determine  the 
mechanical  equivalent  of  heat^  and  the  conclusion  at  which  he 
arrived  was  that  772  fL-lbs.  are  equivalent  to  that  quantity  of  heat 
which  is  requisite  to  raise  one  pound  of  water  1^  Fahrenheit,  this 
qoantily  of  heat  being  adopted  as  the  unit  or  measure,  in  the  same 
way  as  one  inch  is  considered  the  measure  of  length,  or  one  cubic 
inch  is  considered  a  measure  of  volume. 

772  fL-lbs.  is,  then,  the  quantity  of  mechanical  work  which  we 
might  expect  to  gain  for  every  equivalent  of  heat,  but  our  ma- 
chinery is  so  imperfect  that  we  do  not  realize  this  amount. 

The  method  by  means  of  which  we  make  available  to  our  re* 
quirements  the  dynamic  force  of  heat,  usually  consists  in  the  em- 
ployment dt  the  elastic  or  expansive  force  of  some  gas  or  vapor 
which  has  previously  been  produced  in,  or  compressed  into,  a 
space  less  than  that  which  it  would  occupy  at  a  normal  pressure. 
When  steam  is  used,  the  requisite  pressure  is  obtained  by  genera* 
ting  steam  from  water  contained  in  a  close  vessel,  such  steam  ac- 
cumulating until  the  required  tension  is  obtained :  and  the  amount 
of  steam  generated  will  be  found  to  exceed  the  bulk  of  water 
evaporated  to  produce  it  in  the  ratio  of  about  seventeen  hundred 
volumes  for  one  at  the  ordinary  atmospheric  pressure.  At  twice 
this  pressure  the  volume  will  be  reduced  to  about  half;  at  four 
times  the  pressure  to  nearly  a  quarter ;  and  so  forth. 

If  we  have  steam  of  a  pressure  of  four  atmospheres  acting  be- 
neath a  piston  fitted  in  a  cylinder,  so  that  it  can  rise  or  &ll,.air  and 
steam-tight,  the  top  of  the  cylinder  being  open,  then  it  is  evident 
that  the  pressure  beneath  the  piston  will  be  four  times  as  great  as 
that  above  it^  wherefore  the  piston  will  rise  with  a  force  equiva- 
lent to  three  atmospheres.  The  pressure  of  the  atmosphere  is 
about  14'7  lbs.  per  square  inch ;  but  it  may  be  taken  in  round 
figures  at  15  lbs.  per  square  inch. 

It  is  in  this  difference  between  the  pressures  on  the  two.  sides 
of  a  piston  made  as  nearly  as  possible  air  and  steam-tight,  that  the 
mechanical  principle  common  to  all  steam-engines  consists. 

There  are  two  ways  of  working  the  steam-engine,  expansively 
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and  non-expansively ;  and  the  engines  are  divided  into  two  classes, 
condensing  and  non-condensing.  In  the  former  a  vacuum  is  made 
on  that  side  of  the  piston  opposite  to  the  steam  side,  by  condens- 
ing the  steam  which  previously  occupied  that  space ;  whereas  in 
the  non-condensing  engines  the  steam  acts  on  one  side  of  the  pis- 
ton, and  the  atmosphere  on  the  other. 

"We  will  now  speak  of  the  two  ways  of  working  engines.  By 
the  first  method,  the  non-expansive  steam  of  the  full  pressure  is* 
admitted  during  the  whole  of  the  stroke  of  the  piston, — ^that  is  to 
say,  during  the  time  of  its*  passage  from  one  end  of  the  cylinder 
to  the  other.  "Whereas  by  the  second  method,  the  steam  is  shut 
off  when  a  part  only  of  the  stroke  is  performed,  the  remainder 
being  executed  by  the  expansion  of  the  steam  already  admitted  to 
the  cylinder. 

It  is  generally  held  that  the  expansive  method  of  working  is 
by  far  the^most  economical ;  but  experiments  have  recently  been 
performed  by  Stimers,  Isherwood,  and  others,  upon  an  American 
vessel,  the  results  of  these  experiments  being  in  favor  of  the  non- 
expansive  system  of  working.  It  is  however  necessary  to  ex- 
amine with  care  these  experiments,  in  order  to  determine  whether 
they  afibrd  really  a  sound  proof  of  the  inefficiency  of  the  ex- 
pansive mode  of  working.  We  find  that  in  some  cases  the  quan- 
tity of  steam  required  was  more  when  expansion  in  a*tigh  degree 
was  employed,  than  when  a  low  rate  of  expansion  was  used ;  thus 
when  the  steam  was  cut  ofi'  at  t  of  the  stroke,  the  consumption 
was  82  lbs.  of  steam  per  horse-power  per  hour ;  but  for  h  it  was 
88  lbs.,  and  for  A  84  lbs.  These  are  not  exactly  the  quantities 
used,  the  decimals  having  been  omitted ;  but  they  are  sufficiently 
accurate  for  our  .purpose.  This,  however,  only  leads  us  to  con- 
clude that  under  the  circumstances  a  moderate  degree  of  expansion 
was  found  more  economical  than  an  extreme  degree  of  expansion, 
which  is  not  very  easily  accounted  for,  the  following  calculation 
appearing  to  show  that  the  higher  the  degree  of  expansion  em- 
ployed, the  greater  should  be  the  economy  obtained.* 

Let  UJ5  suppose  that  we  have  a  steam-cylinder  fitted  with  a  piston, 
the  area  of  which  is  100  square  inches,  and  let  us  have  steam  at  a 

*  The  manner  in  which  the  experiments  are  reported  prevents  our  examining 
them  thoroughly ;  also  several  experiments  were  not  reported  at  all,  and  the 
same  furnace  was  used  at  different  rates  of  firing. 
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pressnie  of  60  lbs.  to  work  with;  sappoae  we  allow  the  foil  pres* 
sure  €i  the  steam  to  act  thiough  half  the  stroke,  the  entire  stroke 
bdog  2  It,  then  the  nnits  of  wurk  execated  during  this  half  strcdre 
will  be  the  aiea  of  the  piston,  multiplied  by  the  pressure  per 
square  inch,  multiplied  by  the  space  passed  through,  which  will 
he  equal  to  6000  ftJbs.  Let  us  suppose  the  steam  to  be  now  out 
gS,  then  the  steam  in  the  cylinder  will  expand  to  the  end  of  the 
stroke;  being  reduced  to  about  its  normal  pressure,  and  occupying 
twice  its  original  bulk,  the  e£fectiye  work  being  equal  to  the  mean 
pressure  on  the  piston  during  the  half  stroke :  multiplied  by  the 
area  of  the  piston  and  the  distance  passed  through,  the  mean  pres* 
sure  will  be  rather  less  than  half  the  sum  of  the  pressures  at  the 
moment  of  cutoff  and  at  the  termination  of  the  stroke ;  this  sum 
will  be  90  lbs.  Let  us  call  the  mean  pressure  40  lbs,,  then  the 
amount  of  work  executed  by  the  expansion  of  the  steam  will  be 
4000  fL-lbs.,  about  %  of  that  eflfocted  by  the  full  pressure  steam 
actiDg  through  the  same  space.  The  amount  of  work  executed  by 
one  cylinder  Ml  of  steam  cut  off  at  half  stroke  will  bo  20|000 
ft.4bs.  If  we  use  the  steam  at  AiU  pressure  throughout  the  stroke, 
the  amount  of  work  executed  by  one  cylinder  Axil  should  be 
12,000  fl.-lb8.,  I  of  that  executed  by  the  same  quantity  of  steam 
working  at  the  aboye  degree  of  expansion.*  It  also  farther  ap* 
pears  thati  all  work  done  after  the  steam  is  cut  off,  is  so  much 
actual  gain,  as,  if  the  steam  were  allowed  to  escape  at  full  pres- 
sure, the  work  capable  of  being  executed  by  its  expansion  would, 
of  course,  be  lost.  IIow,  then,  are  we  to  account  for  a  loss  of 
economy  when  a  high  degree  of  expansion  is  used  ?  Let  us  ex- 
amine more  closely  into  the  conditions  of  the  experiments  quoted 
above,  in  order  to  see  whether  we  cannot  account  for  this  loss. 
We  find  that  the  steam-pressure  employed  was  certainly  low,  com- 
mencing with  about  34  lbs.  per  square  inch,  and  in  extreme  cases 
being  expanded  down  to  a  pressure  of  6'9  lbs.  per  square  inch,  in 
which  case  the  temperature  of  the  steam  would  be  reduced  from 
279°  down  to  about  229° ;  this  reduction  of  temperature  would  of 
course  cool  the  surrounding  metaj,  which,  in  its  turn,  will  abstract 
heat  from  the  steam  admitted  to  the  cylinder  at  the  next  stroke, 
thereby  causing  a  loss,  this  loss  yarying  in  proportion  to  the  dif- 
ference of  temperature'  of  the  steam  entering  and  leaving  the 
cylinder.  By  using  steam  of  a  higher  pressure  in  the  same  cylin- 
der, the  proportionate  loss  will  not  be  so  great,  for  although  the 
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loss  expressed  in  degrees  will  be  greater  in  proportion,  the  quantity 
of  steam  in  the  cylinder  will  also  be  greater ;  this  point  may,  how* 
ever,  be  more  readily  explained  by  an  example.  If  steam.be  ex- 
panded from  80  IbB.  pressure  to  6  lbs.  pressure,  there  is  a  loss  of 
temperature  of  48®.  The  number  of  units  of  heat  abstracted  from 
the  metal  will  of  course,  be  proportional  to  this  quantity,  and  the 
quantity  of  heat  which  the  cool  metal  will,  absorb  fit)m  the  hot 
steam  will  also  be  proportional  to  the  sam^  quantity.  If  we  ex- 
pand  steam  at  60  lbs.  down  to  10  lbs.,  the  loss  of  heat  will  be  67^, 
and  the  quantity  abstracted  from  the  hot  steam  at  the  next  stroke 
will  be  proportional  to  this ;  but  the  quantity  of  metal  has  re- 
mained  constant,  whereas  the  weight  of  the  steam  is  doubled : 
hexsce;  to  heat  the  metal  48®,  steam  at  80  lbs.  pressure  will  have  to 
yield  11  units  of  heat,  whereas  to  heat'the  metal  67®,  steam  at  a 
pressure  of  60  lbs.  per  square  inch  would  only  have  to  lose  7  units. 
These  considerations  tend  to  show  that  the  experiments  give  re* 
suits  which  are  reliable  only  under  the  circumstances  under  which  ^ 
they  are  conducted,  and  that  steam  of  a  higher  pressure  or  engines 
differently  constructed  will  give  different  results. 

« 

Some  well-conducted  experiments  on  the  relations  of  heat  to 
steam  and  mechanical  work  are  now  very  much  wanted,  and  it 
appears  to  us  that  ihese  experiments  should  be.  performed  with 
apparatus  of  very  accurate  construction,  admitting  |of  a  great 
.  variety  of  pressures,  and  also  allowing  of  variations  in  the  general 
circumstances,  in  order  that  the  quantity  of  heat  lost  by  radiation 
and  conduction  may  be  estimated. 

•  We  may  here  remark  upon  the  use  of  other  gases  besides  steam, 
to  propel  thermo-dynamic  engines.  The  most  important  of  these 
applications  consists  in  the  employment  of  atmospheric  air,  and 
the  air  or  caloric  engines  appears  in  many  respects  to  have  the 
advantage  over  steam-engines:  the  principle  of  working  is  of 
course  similar,  that  is  to  say,  the  air  is  expanded  by  heat  in  order 
to  obtain  pressure. 

Engines  propelled  by  ether  have  also  been  proposed,  but  we 
are  not  aware  that  they  have  b^n  found  practically  useful.  "We 
would  in  concluding  this  chapter  recommend  our  readers  to 
examine  C.  W.  Williams's  theory  of  the  evaporation  of  water; 
which  we  have  refrained  from  discussing  in  these  pages,  as  it  is  as 
yot  not  established,  although  there  are  many  points  of  importance 
which  may  be  decided  without  very  great  difficulty. 


CHAPTEE  Vra. 

* 

Oir  THS  PBmCIPLSS  OF  MEOHANIOAL  CONSTBUGTIOK. 

Ws  will  now  give  a  brief  account  of  mechanioa  as  applied  Ut 
the  conatruction  of  machinery,  commencing  with  an  account  of 
the  means  of  concentrating  power.  We  will  take  aa  an  example 
the  ordinary  lever.  It  will  ftrst  be  necessary  to  consider  the 
manner  in  which  a  force  acts  round  a  centre.  Let  us  suppose* a 
force  of  10  lbs.  to  act  perpendicularly  on  one  end  of  a  bar,  of 
.  which  the  other  end  is  carried  upon  a  centre,  then  the  revolving 
force  upon  that  centre  will  be  proportional  to  the  intensity  of  the 
weight  or  force,  and  to  its  distance  from  the  centre.  Let  the  bar 
be  6  feet  long,  then  the  relative  intensity  of  the  revolving  force 
may  be  represented  by  60  ft.-lbs.  This  revolving  force  is  called  a 
moment.  We  may  find  an  equivalent  momettt  by  using  a  weight 
of  6  Iba.  aifd  a  10  ft.  bar,  for  the  moment  in  this  case  will  also  be 
60  ft.-lb8.  The  general  rule  to  find  the  moment  of  any  given  force 
about  any  given  point  will  be,  multiply  the  in- 
tensity of  the  force  by  its  distance  from  the  point 
measured  perpendicularly  to  the  direction. of  the 
force.  In  Fig.  24  we  illustrate  the  manner  in 
which  this  distance  is  measured.  A  force  w  acts 
in  the  direction  ah;  it  is  required  to  find  its 
moment  about  the  point  c;  f5pom  c  let  fall  a  per- 
pendicular upon  a  b,  and  call  the  length  of  this 
peipendicular  x,  then  will  the  moment  of  the 
weight  about  e 

From  the  above  remarks  it  appears  that  any  two  moments  will 
be  equal,  when  the  distances  "of  the  weights  producing  them  from 
the  centres  to  which  they  are  refetred,  vary  inversely  as  the 
weights.    Suppose  this  condition  to   be  fulfilled,   and   let    the 
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moments  act  about  tlie  same  centre,  but  in  opposite  directions ; 

then  will  a  condition  of  equilibrium  be  attained,  and  in  this  balance 

of  moments  it  is  that  the  principle  of  the  lever  consists. 

Let  us  suppose  that  we  have  an  ordinary  bar  supported  at  one 

third  of  its  length  upon  a  pin  or  gudgeon,  about  which  it  is  free 

to  revolve,  the  weight  of  the  bar  being  at  present  neglected,  and 

let  the  length  of  the  bar  be  9  ft.,  then,  on  one  side  of  the  centre, 

pin,  or  ftilcrum,  as  it  is  termed,  there  will  be  a  length  of  6  ft.,  and 

on  the  other  a  length  of  8  ft. ;  let  a  weight  equal  to  600  lbs.  be 

attached  to  the  shorter  end,  it  is  required  to  find  the  weight  which 

vmust  be  attached  to  the.  longer  end  in  order  to  balance  this 

weight.    The  weights  and  their  distances  must  '^ftuy  inversely 

as  each  other ;  hence  we  may  solve  this  question  by  proportion, 

thus — 

6  :   8   ::   500   :   250.. 

250  lb},  will  therefoie  be  the  weight  required.  We  may  give  as 
•the  general  rule  for  solving  similar  questions  the  following.  To 
find  the  weight  which,  attached  to  one  arm  of  a  given  lever,  will 
balance  a  known  weight  attached  to  the  other  arm,  multiply  the 
weight  by  the  length  of  the  arm  supporting  it  and  divide  the 
product  by  the  length  of  the  other  arm,  the  quotient  will  be  the 
quantity  required.   -Thus  in  the  above  case  we  have — 

500    X     1=250. 

» 

This  rule  will  apply  to  every  kind  of  lever,  care  being  taken  to 
observe  the  conditions  under  which  it  acts ;  its  principle,  however, 
is  the  same  whether  the^arms  be  in  a  straight  line  with  each  other, 
or  whether  they  be  parallel  or  contain  an  angle,  and  if  the  length 
of  the  arms  remains  constant,  thp  same  forces  will  maintain  equi- 
librium. Various  forms  of  levers  aie  shown.  Pig.  25,  but  the 
same  length  of  arms  is  preserved  in  every  case.  We  may  here 
observe  that  the  proportions  between  the  weights  and  arms  refer 
to  relative  quantities,  and  not  to  absolute ;  thus  a  lever  having 
arms  8  ft.  and  6  ft.  long  will  have  the  same  value  as  one  with 
arms  4  ft.  and  8  ft  long,  for  the  proportion  of  the  arms  is  the  same 
in  both  cases,  as  shown  by  the  following  equation — 

1=2  =  1 

Let  us  now  compare  the  work  performed  when  the  arms  move 
about  the  fulcrum  in  the  case  of  the  lever  mentioned  above.    Let 
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the  long  arm  move  through  1  ft.,  then '  the  amount  of  work 

exeeuted  will  be 

250  X   1  =  250  ft..lb8. 

Let  us  now  examine  the  amount  of  work  executed  at  the  same 
time  at  the  other  end  of  the  lever.    We  must  first  find  the  space 

Fig.  tS. 


througli  which  the  end  of  the  short  arm  will  move,  whilst  that  of 
the  long  arm  moves  through  1  ft.  The  ends  of  the  arms  describe 
circles  about  the  fulcrum ;  hence,  in  moving  through  the  space 
mentioned  above,  a  part  of  the  circumference*  of  a  circle  will  be 
described,  and  the  distance  passed  through  will  vary  as  the  length 
of  the  arms  which  are  the  radii  of  the  circular  arcs ;  hence,  the  end  of 
the  sbort  arm,  which  carries  the  500  lb.  weight,  will  move  through 
half  the  space  of  the  long  arm,  or  through  ^  ft.,  the  lengths  of  the 
arms  being  6  ft.  and  8  ft.,  and  the  amount'  of  work  performed  ai 
the  extremity  of  the  short  arm  will  be 

500  X   }  =  250ft.-lbs., 

which  is  equal  to  that  performed  at  the  end  of  the  long  arm. 

From  the  above  observations,  we  find  that  by  means  cf  a  lever 
we  may  raise  a  given  weight  by  a  force  equivalent  to  a  much 
smaller  weight,  but  at  the  expense  of  time ;  hence,  in  this  case 
power  is  not  gaiaed,  but  a  force  expended  during  a  certain  time  is 
concentrated  to  overcome  a  greater  force,  the  static  forces  being 
unequal,  but  the  quantity  of  work  done  by  them  in  a  given  time 
being  equaL 

We  may  now  generalize  the  results  of  the  investigation  of  the 
laws  of  the  lever,  in  order  to  apply  it  to  other  machines  for  con« 
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ceutrating  power  in  the  following  manner  :•*— In  any  machine  let  x 
represent  the  distanoe  through  which  a  given  force  is  to  be  ex* 
erted,  or  through  which  an  equivalent  weight  is  to  be  lifted.  J/Ct 
w  equal  this  weight  or  force ;  let  y  equal  the  distance  through 
which  the  pressure  required  to  raise  it  will  move  in  the  same  tima 
that  w  will  move  through  x,  tcJ  being  equal  to  the  pressure,  then 
the  amount  of  work  to  be  executed  will  be 

the  work  done  by  the  motive  power  wfll  be 

These  two  quantities  must  be  equal,  or  rather,  to  produce  mo- 
tion, one  must  preponderate  by  an  infinitely  small  quantity,  other- 
wise the  apparatus  will  remain  in  equilibrio ;  the  balancing  forces 
may  be  found  firom  the  following  equations : 

X 

y 

n 

X 

vi 

X  =  I/— 

to 

These  equations  will  of  course  lipply  to  simple  or  complicated 
machines,  where  an  uniform  resistance  is  overcome  by,  an  uniform 
force,  X  being  the  distance  through  which  the  point  of  resistance 
moves  in  a  given  time,  and  y  the' distance  through  which  the  point 
of  application  of  the  power  moves  in  the  same  time. 

The  pulley  and  axle  are  evidently  identical  in  their  action  with 
the  two  arms  of  a  lever!  The  screw  and  inclined  plane  act  differ«^ 
endy,  but  the  law  given  above  will  of  course  be  applicable,  the 
distances  moved  through  being  very  easily  found ;  thus,  when  a 
single  threaded  screw  revolves  once,  any  body  whichi  s  being  raised 
by  it  passes  through  a  distance  equal  to  that  between  two  threads 
of  the  screw  measured  from  centre  to  centre. 

We  may  now  instance  another  means  of  concentrating  power, 
viz.,  by  hydraulic  pressure.    Let  a  and  b,  Fig.  26|  represent  tw^ 


FBIN'CIFLSS  or   XSCEAXIC^  CONSTBUCTnoy.  79 

cylindera,  eiush  ftcoaratelj  fitted  with  a  piston,  as  ahows,  the  lower 
portB  of  the  cjlindera  being  filled  with  wat«r,  and  oommunicating 
^th  each  other  by  means  of  a  pipe.    Let  the  diameter  (^  a  be 

Fig.  38. 


twice  that  <^  b,  then,  because  the  areas  of  circles  vary  as  the 
squares. of  their  diameters,  the  area  of  the  cylinder  a,  or  of  the 
pifitcm  contained  bj  it,  will  be  fonr  times  that  of  t.  If  we  cause 
the  piston  in  i  to  descend  through  a  distance  of,  say  2  inches,  s 
layer  of  water  two  inches  thick  will  be  displaced  &om  the  cy^a- 
der  b,  and  forced  into  the  cylinder  a,  where,  howerer,  it  will  spread 
out  so  as  to  cover  four  times  the  area  which  it  did  when  in  ft; 
hence,  fhe  stratum,  or  layer,  will  have  only  one.  quarter  of  the 
thickneas,  and  the  piston  in  a  will  rise  through  one  quarter  the 
distance  that  the  piston  in  &  is  moved  through ;  henoe,  a  weight 
on  tbe  pisttHi  in  b  will  ba1anoe«  weight  four  times  as  great  placed 
on  the  piston  in  a.  This  may  be  shown  also  by  the  following 
method  of  reasoning.  If  a  pressure  of  x  lbs.  per  square  inch  be 
imparted  to  the  water  contained  in  the  two  cylinders,  the  water 
will  react  in  every  direction,  vertically,  horizontally,  and  obliquely, 
with  a  force  equal  to  1  lb.  per  square  inch ;  but  the  area  i^ ' 
the  laige  piston  is  four  times  that  of  tbe  small,  or  contains  fotur 
times  as  many  square  inches,  therefore,  as  the  total  pressure  on 
each  piston  is  equal  to  the  pressure  per  square  inch,  multiplied  by 
the  number  of  square  inches  of  suriace  of  the  piston,  the  wtter 
will  ezeroiae  four  times  the  pressure  on  the  large  piston  that  it 
does  on  the  small,  or,  1  lb.  on  the  small  piston  will  balance  i  lbs. 
on  tbe  large  piston. 
.    This  principle  is  taken  advantage  of  in  tbe  hydroatatic  preaa. 
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where  a  large  force  is  exerted  by  means  of  a  large  piston  working 
in  a  cylinder,  into  which  water  is  forced  by  a  pump  of  small  di- 
ameter ;  the  con9entration  of  power  obtained  by  these  machines 
may  be  found  by  the  following  equations.  Let  /  equal  the  force 
applied  on  the  pump  piston,  d  equal  the  diameter  of  the  pump 
piston,  and  d'  equal  the  diameter  of  the  ram,  or  piston  through 
which  the  force  is  to  be  applied,  p  equal  pressure  exerted  by  the 
ram,  then 

P 
d!  =  rf  Vy 

If  the  pump  be  worked  by  a  brake,  or  lever,  the  force  upon  the 
pump-plunger  in  relation  to  that  exerted  upon  the  end  of  the  lever 
must  first  be  calculated. 

There  is  another  method  of  employing  water-pressure  by  means 
of  an  apparatus  which  is  termed  a  pneumatic  lift ;  a  section  of  it 
is  shown  in  Fig.  27.  .  This  apparatus  consists  of  a  cylinder,  closed 
at  the  upper  end  but  open  at  the  lower,  working  in  a  well,  as 
shown.  There  is  a  valve  in  the  cover,  the  use  of  which  we  shall 
presently  indicate.  There  is  an  air-pipe  connected  with  an  air- 
pump,  shown  at  a  a :  when  air  is  forced  through  this  pipe  it  dis- 
places the  water- from  the  upper  part  of  the  cylinder,  momentarily 
causing  the  water  on  the  exterior  of  t]ie  cylinder  to  stand  at  a 
higher  level  than  that  on  the  interior,"  but  being  at  a  higher  level, 
it  will  exert  a  greater  pressure  on  the  bottom  of  the  well,  which 
excess  of  pressure  being  transmitted  upwards  within  the  cylinder, 
will  be  passed  through  the  air  at  the  top  of  the  cylinder,  causing 
an  upward  pressure  on  the  end  of  the  same,  whereby  it  will  be 
raised  to  any  desired  height.  Thus  the  cylinder  is  raised  by  a 
column  of  water,  corresponding  to  the  depth  displaced  within  the 
cylinder,  the  weight  of  such  column  being  proportional  to  the 
pressure  of  the  air  by  which  it  is  displaced ;  the  lifting  power  of 
iluB  arrangement  may  be  thus  calculated : —  ^ 
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Let  p  equal  the  praaBiro  at  which  the  air  is  foioed  inta  the 

F%.17. 


eylinder  in  lbs.  per  sqtuure  inch,  and  d  the  diameter  of  the  cylin- 
der, then  the  lifting  force  will  be 

=  -7854.;).(P 

The  concentration  of  power  obtained  by  this  machine  may  be 
calcnlatod  by  the  formula  given  for  the  hydrostatic  press,  the  only 
difbrence  being  that  in  the  latter  water  is  the  medium  through 
which  the  pressure  is  transmitted,  whereas  in  the  pneumatic  lift 
the  pTCBSure-is  transmitted  through  air. 

When  it  is  required  to  lower  the  lift,  after  it  has  been  raised  to 
ai^  reqnired  height,  it  is  only  necessary  to  open  the  Talve  men 
6 
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tioned  above,  when  the  air  will  escape,  and  the  lift  wjll  sink  by 
its  own  weight. 

It  is  evident  that  the  same  principle  might  be  applied  with  any 
medium  through  which  the  pressure  may  be  transmitted: 

We  must  now  proceed  to  speak  of  the  action  of  those  tools 
which  produce  impact  or  blows,  such  as  the  hammer,  the  hatchet, 
&c. ;  in  this  case  the  force  applied  is  equivalent  to  the  work  ao^ 
cumulated  in  the  tool  producing  the  impact,  such  work  being  equal 
to  the  weight  multiplied  by  the  distance  through  which  it  passes. 
It  is  desirable  here  to  offer  a  few  remarks  upon  accumulated  work. 
If  a  body  whose  weight  is  w,  fisJls  through  a  distance  equal  to  h, 
the  work  done  will  be 

and  the  velocity  which  the  body  will  have  attained  after  ftJling 
through  this  distance,  being  equal  to  v,  we  shall  have   * 

.  t;  varies  as  \/  A. 

The  reasoning  from  which  this  proportion  is  obtained  being  as 
follows : — 

Let  t  equal  the  time  of  fall  in  seconds,  g  equal  82j  ft.,  the  ve- 
locity which  a  body  will  have  acquired  after  falling  the  second. 
If  a  body  falls  freely  through  space,  Ihe  attraction  of  gravitation 
will  constantly  act  upon  it,  adding  a  velocity  equal  to  g  every 
second,  therefore  the  velocity  of  the  body  will  vary  as  the  time  of 
MLing,  or 

V  varies  as  t 

Let  US  now  examine  the  relation  between  the  time  and  distance 
fallen  through.  It  is  evident  that  in  the  first  second,  the  body 
having  started  with  no  velocity,  and  attained  at  the  end  of  the 
second  a  velocity  equal  S2'1695  ft.,  the  mean  velocity  will  be 
16*0837  ft.  per  second,  and  through  this  space  the  body  will  &I1 
in  the  first  second,  at  the  end  of  which  time  it  will  have  acquired 
a  velocity  suflBicient  to  cany  it  through  82*1695  ft.  in  the  next 
second;* but  during  that  time  the  force  of  gravity  continuing  to 
act  on  it,  it  will  receive  the  same  increment  of  velocity  as  in  the 
first  second,  and  the  total  space  passed  through  will  be  48*26  {^ 
Following  this  reasoning  farther,  we  arrive  at  results  embodied  in 
the  following  formulae: — 
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h^igf^^tv^S^ 

v»gt 

*h  _ 

"  t  ~~ 

^gh 

V 

~9 

2k 

V 

9 

1 

.  By  Bubstitutuig  other  values  for  g,  these  equations  will  hold  good 
for  other  forces.  If  a  body  having  the  weight  w  Mia  through  a 
height  hj  then  will  the  work  done 

sss  iffh, 

as  stated  abov^  which  b j  transformation  becomes. 

-  gf        wa  ff  w 

t£;A=:t(;-T=  -t  -^^l-g^ 

but  ^  is  called  the  mass  of  the  body,  for  as  the  mass  multiplied 

by  the  attraction  of  gravitation  is  the  weight,  we  have  called  m 
the  mass. 

m.g  =  w 

w 

9 

hence  substituting  in  ihe  above  equation,  we  have 

wh  =  — |- 

This  then  represents  the  amount  of  work  done  by  any  given 
body  in  fidling  through  a  givQi^  space,  and  if  it  is  unopposed  in 
its  passage,  this  work  will  constantly  accumulate,  being  at  any  in- 
stant equal  to  the  mass  of  the  body  multiplied  by  half  the  square 
of  the  velocity,  and  this  is  called  accumulated  work.  If  the  body 
meet  with  any  resistance,  the  work  accumulated  will  be  expended 
in  overcoming  that  resistance,  or  in  partially  overcoming  it,  the 
moving  body  being,  in  the  latter  case,  in  a  state  of  rest 
•  It  is  work  of  this  kind,  viz.,  accu)nulated  work,  which  is  ex- 
pended when  a  blow  is  struck  by  a  hammer,  and  it  matters  not 
whether  the  hammer  falls  by  its  own  weighty  or  is  impelled  by  any 
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other  force,  the  amount  of  accumulated  work  may  be  found  when- 
ever the  ultimate  velocity  is  found. 

Let  us  work  out  an  example  by  the  above  formula :  let  a  body 
weighing  64-839  lbs.  be  felling  with  a  velocity  of  20'  feet  per 
second,  it  is  required  to  find  the  accumulated  work  at  this  velocity. 
The  mass  of  the  body  will  be, 

w_  _   64-839 • 

g  ~  82-1696  ""^' 
hence  the  amount  of  work  accumulated  in  the  body  will  be 

-y     =*  400  ft-lbs. 

We  will  also  calculate  by  the  height  which  .a  body  must  fell 
through  to  acquire  the  velocity.    It  will  be 

400 


64-839 


Fig.  S8. 


A  =  J.  —  = 
9 

and  the  accumulated  work  wilUbe 
•  400 

=  wh=  g|:ggg  64-889  =  400 ft.-lbs, 

'Wq  win  now  pass  on  to  consider  the  phenomena  attendant  upon 

rotatory  moti<xn.  Let  us  suppose  a  body  to 
be  set  in  motion  in  the  direction  a  b,  Fig.  28.; 
it  is  evident  that  in  the  absence  of  any  other 
force,  the  body  will  move  in  the  same  direc- 
tion continually ;  but  it  is  possible  to  pro- 
duce a  curved  motion  by  causing  another 
force  to  act  upon  the  body,  this  force  acting 
in  some  other  direction  than  a  b.  Let  the 
body  be  attached  to  one  end  of  a  string 
a  €,  then  will  it  be  compelled  to  describe  a 
circular  arc  about  the  point  c;  let  us  sup- 
pose that  its  velocity  is  such  that  it  will  pass 
from  a  to  cJ  in  one  second,  then  we  may 
call  the  chord  a  d  the  velocity  of  the  body,  as 
when  the  arc  is  small,  it  will  very  nearly  coin- 
cide with  its  chord.  By  referring  to  the  diagram,  it  is  evident  that 
the  string,  by  virtue  of  its  tensile  resistance,  will  in  one  second  have 
drawn  the  body  through  the*distance  b  d. 

Let  us  now  find  the  value  of  b  d;  it  is  equal  to  o  c,  a  5,  c  c^  being 
a  rectangle. 
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Produi^  the  raditis  a  e  to  meet  the  circumference  of  the  circle 
in/  and  join  fd,  then,  because  the  angle  a  df,  is  inscribed  in  a 
semicircle,  therefore  it  is  a  right  angle,  and  the  angle  da/is 
common  to  the  two  triangles  acd,  a/d;  hence,  these  triangles  are 
similar,  the  angle  acd  being  a  right  angle,  because  cd  ib parallel 
to  a  &,  a  tangent  to  the  circle  at  the  point  where  it  is  met  by/  a; 
therefore: 

a  c       ad 
ad  "~  a/ 

but  0(2  =  t;  =  velocity  of  body  in  ft.  per  second,  and  a/sss  2  as  di- 
ameter of  circle  J  therefore 


ae 

V 

... 

sss 

j% 

V 

*r 

ae 

= 

V* 

d 

We  must  now,  firom  this  expression,  find  the  value  of  the  cen- 
trifugal force  by  proportion. 

The  weight  of  a  body  is  the  force  tending  to  impart  motion 
towards  the  centre  of  the  earth,  centriftigal  force  is  the  reaction 
of  a  body  compelled  to  gyrate  about  a  centre,  tending  to  force  it 
away  from  that  centre;  the  measure  of  the  first  force,  that  of 

gravity,  is  \g;  the  measure  of  the  second  force  is  — »    Let  crepre- 

9 
sent  centrifiigal  force,  that  is  to  say  the  tension  of  the  string  a  e, 

which  holds  in  the  gyrating  body  as  a  table  supports  a  body 

tending  to  fSedl,  the  string  resisting  the  weight  of  oentriAigal  force, 

and  the  table  resisting  the  tveight  of  gravitating  force ;  hence  the 

following  proportion  holds  good. 

^g    :    .^    ::   w    :   c 

•    c  —  ^* 
rg 

From  this  equation,  the  centrifogal  force  may  in  any  case  be 
obtained  when  the  body  revolves  in  a  circle,  or  in  any  other 
curve  if  its  radius  or  curvature,  at  the  instant  when  the  velocity 
is  given,  be  known.  The  method  of  finding  the  radius  of  the 
circle  osculating  &ny  given  mathematical  curve,  will  be  found  in 
treatises  devoted  to  that  subject,  and  as  the  case  seldom  applies  to 
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tte  maoHnery  we  shall  hereafter  consider,  vre  shall  not  further 
dilate  upon  it. 

It  is  necessary  now  to  examine  the  principle  upon  which  the 

conical  pendulum  is  constructed.  Let  a  b,  Fig.  29,  represent  a 


Fig.  29. 


wire  or  string  fixed  by  a  pin  at 
a,  and  carrjring  a  heavy  ball  at 
h  ;  let  this  ball  6  be  revolving  in 
an  orbit,  such  as  that  shown  by 
the  dotted  circle  6  c.  From  a 
let  fall  a  perpendicular  to  the 
horizon,  as  shown  at  a  4  the 
perpendicular  passing  through 
the  centre  of  the  circle  b  c,  and 
forming  the  axis  of  the  imagin* 
ary  cone  a  be,  described  by  the 
revolution  of  the  arm  a  b.  From 
the  centre  of  the  ball  b,  let  fall 
b  e  perpendicular  to  a  d^  com- 

plete  the  parallelogram  ae,  bf,  we  shsdl  then  have  two  forces 

acting  on  the  ball  b,  tending  to  move  it  about  a  as  the  centre. 

The  weight  being  w,  it  will  produce  a  force  whose  moment  about  a 

=  w;  X  c  6. 

[n  the  other  direction,  we  have,  if  c  equals  the  centrifugal  force 

of  the  ball,  a  force  whose  moment  is 

=  c  X  e  a. 

If  the  ball  is  in  equilibrium  these  two  forces  must  balance,  and 

therefore, 

ex  ea  =sw  y.  eb. 

Let  h^ssea  the  height  of  the  point  of  suspension  above  the  •plane 
of  gyration.    JJet  r  ==  the  radius  of  gyration  e  b,  then  will 

r  g 
but  V  =  8-1416  r  X  2n 
where  n  =  the  number  of  revolutions  per  second ;  but  if  n  ss  the 
numb^of  revolutions  per  minute. 


-i 


8U16- r  X  2  n 
60~ 


}• 


By  replacing 


A  =  jr  r*  =  85226  inches 


n' 
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neailj.    This  fixmala  may  tbo  be  writtea  by  an  obvkms  tnuoa- 


and  from  this  ve  deriTO 

187-7 

Anotber  class  ct  rotatoiy  motion  nith  wbicb  wn  shall  8ubae> 
quenily  meet»  ocuisbts  in  the  moTement  of  a  fly-wheel  employed 
to  preyent  any  great  yariation  of  velocity,  which  might  oconr  by 
reason  of  the  varying  foice  exerted  upon  the  shaft  of  the  machine 
to  whicb  it  is  applied.  The  theory  of  the  fly-wheel  is  somewhat 
complicated^  and  therefore  nnfit  for  insertion  in  the  present  treatise. 
In*many  instances  roles  have  been  given  of  a  ample  character,  bnt 
incorrect^  and  therefore  useless. 

We  will  now  oondnde  this  acconnt  of  statics  and  dynamics^ 
will  be  found  sufficient  for  our  subsequent  requirements. 


CBLAPTER  IX. 

OS  TEX  GENKBAX.  ABBANGSUSNT  OF  THK  STEUC-ENGIKB. 

LsT  US  now  examine  ihe  means  necessaij  to  be  taken  in  order 
to  oonvert  the  lieat  contained  by  the  steam,  with  which  the  steam- 
engine  is  suppUed,  into  dynamic  force,  in  a  fom  suitable  to  our 
requirements. 

There  are  three  kinds  of  engines,  which  must  be  considered 
separately :  in  the  first  class  the  piston  admits  only  of  rectilineal 
motion ;  while  in  the  second  class  the  piston  revolves,  either  con- 
tinuously or  with  a  reciprocating  motion,  about  an  axis  or  centre ; 
and  in  the  third  class  the  piston  moves  in  such  a  manner  that  its 
periphery  describes  a  zone  of  a  sphere.  In  engines  of  the  first 
class  the  piston  is  impelled  alternately  in  each  direction  by  the 
difiference  between  the  pressures  existing  on  the  opposite  sides  of 
the  same;  thus  in  a  condensing  engine,  if  p  represent  the  pressure 
of  steam,  and  P  the  vacuum,  both  being  stated  in  pounds  per 
square  inch,  then,  taking  14*7  lbs.  per  square  inch  as  the  mean 
pressure  of  the  atmosphere,  we  shall  have  for  the  effective  force 
/per  square  inch  on  the  steam-side  of  the  piston — 

f  =  p  +  14-7—  j  14-7— P) 
^P  +  F.  \  \ 

Let,  for  example,  p  =  20  lbs.  per  square  inch,  and  P  =  11  lbs. 
per  square!  inch,  then  will  the  effective  pressure  per  square  inch  be, 

/=  20  -I-  11  =  81  lbs.  per  square  inch. 

In  a  non-condensing  engine  the  vacuum  becomes  nothing,  henoe 

in  that  case  the  steam-pressure  is  the  effective  pressure.    The 

power  of  any  engine  is  very  easily  calculated, — ^it  is  represented 

by  the  amount  of  work  done  in  a  given  time,  and  is  usually 

referred  to  the  power  of  a  horse,  which  was  determined  by  Watt 

to  be 

=  83,000  ft.-lbs.  per  minute. 

Hence  the  power  of  any  given  engine  will  be  as  follows :  Let  j>  = 
88 
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efibctiTe  pTessure  of  steam,  a  :s  area  of  piston  in  inches,  d  :3 

diameter  of  piston,  v  as  space  passed  through  by  piston  in  feety 

t  rs  time  occupied  by  the  piston  in  passing  through  the  space  v  in 

minutes ;  JJ  P  ss  equal  horse-power,  I  =  length  of  crank,  .n  sa 

number  of  reyolutions  performed  while  the  piston  passes  through 

the  space  v;  then 

JTPsg  j).a,t; 

S3000 . t 
but 

a  =  0-7864(P 

V  ss  4.n.  Z 

therefore 

JTP— j>.  0-7854  (PAnf 

88000 < 


10604 < 


nearly. 


Let  it  be  required  to  calculate  the  power  of  an  engine  haying  one 
cylinder  20 .  inches  in  diameter,  with  a  crank  1  foot  6  inches  in 
length,  or  1*5  feet ;  let  the  effective  pressure  be  25  lbs.  per  sqHiare  • 
inch,  and  the  number  of  revolutions  of  the  crank  thirty-five  in 
one  minute,  then 

10504  X    1  ' 

say  50  horse-power. 

There  are  two  methods  of  calculating  the  horse-power  for  con- 
d^ising  engines,  the  results  being  called  the  indicated  horse-power 
and  the  nominal  horse-power.  To  calculate  the  latter,  it  will  be 
necessary  to  proceed  as  follows : — 

Take  for  the  effective  pressure  7  lbs.  per  square  inch,  and  for 
the  speed  220  ft.  per  minute ;  let  the  area  of  the  piston  be  1000 
in^  then,  by  the  first  rule, 

^^^        88000  X  1 **^*- 

For  the  actual  or  indi<cated  power,  we  must  follow  a  different 
t^urse,  taking  for  effective  pressure  the  mean  effective  pressure ; 
4o  find  which  it  is  necessary  to  take  a  diagram  fix>m  the  engine^ 
which  is  done  thus : — ^A  piston  is  accurately  fitted  to  a  small  cylin* 
der,  screwed  in  the  top  or  bottom  of  the  main  cylinder ;  the  piston 
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Fig.80« 


is  retained  at  mid-stroke  by  a  spiral  spring,  and  wlien  pressure 
occurs  in  excess  beneath  tbe  piston,  the  latter  rises,  and  vice  versd; 
to  the  piston-rod  is  attached  a  pencil,  which,  as  the  little  piston 
rises  and  fedls,  describes  a  line  straight  or  curved,  on  a  piece  of 
paper,  which  moves  backward  and  forward  with  the  piston  in  the 
main  steam-cylinder. 

From  the  figure  produced  by  the  indi- 
cator the  pressure  of  the  steam  in  the 
cylinder  at  any  point  in  the  stroke  may 
be  found ;  the  mean  pressure  may  be  taken 
with  sufficient  accuracy  for  practical  pur- 
poses as  follows :  Draw  a  number  of  ordi- 
nates  a  a,  bb,  &c.,  upon  the  indicator  card, 
measure  the  ordinates  on  the  scale  of 
pressures,  and  divide  the  sum  of  the  pres- 
sures so  found  by  the  number  of  ordinates 
taken. 

A  rule,  very  frequently  used  for  con- 
densing marine  engines,  is  constructed  on 
the  assumption  of  7  lbs.  pressure  of  steam 
per  square  inch,  with  a  speed  of  200 
feet  per  minute ;  the  formula  for  nominal  horse-power  will  then 
become : 

JSr  P  =  jp.  a.  t;_  7  X  0-7854d«  x  200. 


83000/ 


83000 


=  <P  nearly. 
"80" 

The  former  formula  would  be : 

■    24 

• 

It  will  immediately  be  seen  that  rules  for  nominal  horse-power 
are  little  better  than  empirical,  being  merely  useful  in  a  commer- 
cial sense,  and  rather  as  a  standard  of  value  than  power. 

The  following  formulsB  will  be  found  sufficiently  accurate  for 
practical  purposes,  and  useful  to  those  who  are  engaged  in  design- 
ing steam-engines : — 
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10500 

^    10500  irp 


ns= 


1  = 


10500  JTP 
10500 ITP 


d=  ^10500  ffP 

p.Tkl 

We  will  next  speak  of  the  power  of  those  engines  wluck  are 
fitted  with  pistons  revolving  abont  an  axis  or  centre,  first  taking 
the  case  of  a  piston  revolving  continnonsly  in  one  direction,  the 
piston  being  rectangular.  Let  r  =»  the  distance  in  inches  from 
the  centre  of  revolution  to  the  nearest  edge  of  the  piston,  r'  =  the 
distance  from  the  centre  to  the  farthest  edge  of  the  same,  b  =b 
breadth  of  piston  in  inches,  p  ss  effective  pressure  of  steam,  n  ss 
nomber  of  revolutions  per  minute.    Then — 

jrp^jj  ^^  1     .   81416    .  r+r;    ^  _n^ 
(  )  12  2  88000 

because  b  \  r'-r  [  a=  area  of  piston  in  inches, 

and  8*1416 1  r+r'  >  ss  mean  space  passed  through  by  the 
sv piston  in  one  reTolution. 

Bj  reduction : — 

SP=n.p       J^a.^«l2 
262100     I  ) 

If  the  piston  oscillates  through  a  portion  of  the  revolution,  the 
formula  must  be  modified  thus :— ^  ^ 

Let    -  represent  the  fraction  of  a  revolution  through  which  the 

piston  OBcilates,  then  the  formula  wiU  be,  n  being  equal  to  the 
number  of  oscillations  per  minute : — 


ffP-..JhA 


I  "•''  \  s 


262,100 
ikra,  if  the  piston  vibrates  in  a  semicircle — 


EP  = 


tup.b 


604.200 


I  ^''^  } 
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if  it  vibrates  in  a  quadrant  of  a  circle —  % 

1,008,400 1  ) 

We  now  have  to  consider  the  last  kind  of  engine  of  wliicli  we 
spoke,  viz.,  that  in  which  the  circumference  of  the  piston  describes 
a  zone  of  a  sphere ;  this  is  called  the  disc  engine.  The  disc  or 
piston  is  placed  between  two  cones,  united  by  the  spherical  zone 
described  by  the.  periphery  of  the  piston,  which  in  its  motion 
reminds  us  of  a  disc,  which  having  been  caused  to  spin'  upon  its 
edge  is  about  to  fall,  when  it  performs  gyrations  about  its  rim ;  we 
shall  in  the  present  place  insert  an  approximate  rule  whereby  its 
power  may  be  calculated.  Let  r  =  radius  of  the  disc  or  piston, 
r'  s=s  radius  of  sphere  upon  which  as  a  centre  lihe  disc  gyrates,  t  = 
thickness  of  the  edge  of  the  spherical  zone,  or  length  of  the  steam- 
chamber,  all  in  inches,  then — 

2x8xl2x88000xr  I  J 

766,310r  (  } 

yj'e  have  now  considered  the  arrangement  of  the  steam-eiigine 
with  regard  to  power,  our  next  step  will  consist  in  examining  the 

means  of  applying  such  power* 

Let  us  commence  with  the  first  class  of 
steam-engines.  Here  we  have  the  work 
presented  in  the  form  of  a  pressure  acting 
in  a  straight  line,  alternately  in  opposite 
directions.  The  piston  is  urged  back- 
wards and  forwards  from  end  to  end,  of 
the  cylinder  by  the  .steam  pressure  acting 
alternately  upon  each  side  of  it  To  this 
piston  is  attached  a  rod,  Ivhich  passing 
out  at  an  air-tight  aperture  m  the  cover 
of  the  cylinder,  communicates  the  motion 
of  the  piston  from  within  the  cylinder  to^ 
the  external  machinery ;  this  arrangement 
is  shown  in  Fig.  81,  in  which  A  B  c  D  ii 
the  steam-cylinder,  e  the  piston,  and  ef 
the  piston-rod.  In  the  first  case,  let  the  point  of  application  of  tjie 
power  be  required  to  move  in  a  straight  line,  then  the  piston-rod 
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xnay  act  directly  upon,  the  work,  or  it  may  operate  through,  the 
inttryention  of  a  beam ;  but  if  this  latter  arrangement  is  employed, 
some  means  must  be  taken  to  enable  the  head  of  the  piston  rod  to 
move  in  a  straight  line,  notwithstanding  the  curvilinear  motion  of 
the  end  of  the  beam  or  lever,  for  if  this  were  neglected  the  piston* 
rod  would  be  bent.  The  means  of  effecting  the  desired  end  are 
very  numerous,  but  we  shall  here  describe  only  those  which  hare 
been  found  practically  useful. 

The  siiaplest  method  consists  of  so  forming  the  column  a  b,^ 
Fig.  82,  which  supports  the  bearings  upon  wUch  the  main  beam 

Fig.  82. 


d,  oscillates,  that  it  may  vibrate  upon  an  axis  placed  at  h,  the*. 
low»  extremity,  whereby  that  end  of  the  beam  to  which  the 
piston  rod  is  attached,  is  enabled  to  adjust  itself.  The  extremity 
of  the  beam  is  caused  to  move  in  a  line  very  nearly  straight  by 
means  of  the  link,  e  d,  which  is  attached  to  the  beam  at  c  by  a 
centre,  and  to  ^  part  of  the  framing  at  d,  in  tl^e'same  vertical 
plane  with  the  piston  rod.  The  manner  in  which  this  contrivance 
effects  the  desired  end  is  sufficiently  simple,  as  may  be  shown  by 
the  diagram,  Fig.  88.  Let  the  fdU  lines  represent  the  bars,  con- 
stituting the  parallel  motion,  as  it  is  called,  at  mid-stroke,  when  they 
mil  be  parallel  to  each  other;  then  the  dotted  lines  will  represent 
their  position  after  the  stroke  has  been  continued  through  a  short 
distance,  dniing  which  the  deviation  of  the  piston-rod  head 
from  a  rectiUneal  movement,  would  be  equal  to  the  versine  of 
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Fig.  83. 


die  angle  passed  through  by  the  bar  a  b,  multiplied  by  the  length 
of  the  bar,  had  the  centre  b  been  fixed ;  as  it  is^  however,  the 

oentre  b  is  carried  at  the  extremity  of  the 
bar  b  c,  which  moves  upon  a  fixed  centre 
at  c,  and  the  deviation  of  the  point  b  fix>m 
rectilineal  motion  being  in  a  contrary  direc- 
tion to  the  deviation  mentioned  above,  com- 
pensates for  it;  by  this  contrivance  it  is 
not  an  absolutely  straight  motion  *that  is 
obtained,  but  one  very  nearly  approximating 
to  it. 

Under  some  circumstances  it  would,  how- 
ever, be  unsatisfiM^toiy  to  use  the  above 
movement,  which  is  most  frequently  applied 
to  half-beam  or  grasshopper  engines.    As 
^   ,  the  vibration  of  so  large  a  mass  of  the 

beam  and  the  pillar. supporting  it,  would  in  a  machine  of  con- 
siderable dimensions  give  rise  to  serious  inconvenience,  an 
arrangement  shown,  Fig.  84,  is,  under  these  circimistances 
employed,  and  combines  within  itself  the  properties  of  two 
parallel  motions,  the  first,  which  in  its  action  is  identical  to. 
that  described  above,  corrects  the  deviation  of  the  top  -of  the 
piston  rod;  it  is  formed  by  the  bars  ab,bc,  which  are  attached  by 
parallel  links  to  the  main  beam,  as  shown;  at  the  centre,  or  near 
it,  of  the  vertical  link,  b  d,  there  also  exists  a  point  whose  motion 
approximates  nearly  to  a  rectilineal  movement;  and  the  means 

Fig.  84. 


by  which  this  is  obtained  we  will  describe  by  the  assistance  of 
another  diagram,  Fig.  85. 

a  i  is  one-half  of  the  main  beam,,  working  upon  a  fixed  oentre 
at  &;  c  c2  is  a  link  of  equal  length  working  upon  a  fixed  centre  at 
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d;  the  extaremities  of  the  two  bars  are  oonnected  by  the  link  a  e, 
the  whole  being  so  adjusted  tiiat  at  mid-stroke  the  angles  a  be, 
d  a  c,  are  right  angles;  then  by  the  oedllation  of  the  arms  a  b 

F^.  35. 


and  c  d  the  exkracoities  of  the  link  a  c  are  caused  to  deviate  in 
ojqposite  directions.  The  dotted  lines  show  the  paths  of  varioud 
points  in  the  link  a  e,  which,  it  will  be  observed,  approximate 
more  nearly  to  a  straight  line  as  we  approach  the  centre  of  the 
link. 

If  in  the  case  of  the  motion  last  described  the  arms  be  not  of 
equal .  length,  then  it  is  evident  that  that  point  of  the  link,  a  c, 
which  moves  in  a  line  most  nearly  approximating  to  a  straight 
line  will  not  be  in  the  centre  of  the  link,  but  nearer  the  longest 
amu    A  motion  with  unequal  arms  is  shown,  Fig.  86,  the  dotted 

Fig.  86. 


lines  representing  as  before  the  paths  of  various  points  in  the  con- 
necting Hnk. 
In  marine  engines  an  arrangement  di&ring  in  form  must  be 
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employed  to  atttin  the  same  end.  A  common  form  is  shown  in 
fig.  87 ;  a  is  the  head  of  the  piston  rod  to  wliioh  a  cross-head  ia 
attached;  from  this  cross-head  arms,  a  b,  run  down  to  the  beam 

Pig.  37. 


which  is  placed'  beneath,  and  arms,  a  c,  ran  from  the  cross-head 
to  a  short  arm,  capable  of  n^oving  upon  a  centre.  Upon  the  some 
centre  is  fixed  another  arm,  or  the  same  may  in  some  cases  be 
used,  from  the  extremities  of  which  rods  pass  down  to  the  beams 
beneath.  The  length  of  the  short  arms  is  adjusted  in  right  pro- 
portion to  correct  the  deviation,  which  might  otherwise  be  caused 
by  the  angular  motion  of  the  beams.  Another  means  of  regulating 
the  motion  of  the  piston  rod  consists  in  attaching  to  its  upper 
•extremity  a  cross-head,  carrying  blocks,  which  more  between 
guides  fixed  parallel  to  the  axis  of  ^he  piston  rod.  Other  kinds 
of  motions  ar6  also  occasionally  used,  but  they  are  principally 
derived  from  the  foregoing,  wherefore  it  is  unnecessary  to  give  a 
complete  account  of  these  movements. 

If  it  be  necessary  that  the  rod  attached  to  the  other  extremity 
of  the  beam  should  move  rectilineally,  then  the  same*xneans  may 
be  employed  to  insure  rectilineal  motion  as  were  used  to  regulate 
the  motion  of  the  piston  rod. 

It  most  frequently  happens  that  the  motion  of  machinery  to  bo 
driven  by  steam-po^er  is  rotatory,  when  it  will  be  necessary  to  adopt 
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some  contrivance  for  conTeriing  the  Teciprocating  leotilineal  motion 
of  the  piston  into  a  rotatory  motion.  In  order  to  effect  this  end»< 
nuioeioiis  arrangements  have  been  devised,  but  none  of  them 
answer  so  well  the  purpose  as  does  the  crank,  nor  is  any  other  form 
practically;  applied ;  we  shall  therefore  describe  only  the  means 
furnished  by  this  contrivance,  which  deserves  a  very  careful  con 
sideration« 

Let  ^  Fig.  S8,  represent  the  head  of  the  piston  rod,  which  is 

» 

Fig.  38. 


guided  so  that  it  can  only  move  in  the  direction  of  the  straight 
line  a  h.  Let  i  o  be  a  crank  capable  of  revolvmg  about  the  point 
i  as  a  centre,  the  extremity  -c  describing  the  dotted  circle.  The  ex* 
tremity  of  the  piston  rod  is  connected  with  the  extremity  c  of  the 
crank  by  means  of  a  coimecting  rod,  a  e,  the  points  of  junction,  a 
and  c,  being  made  by  pins,  about  which  the  connecting  rod  may 
move  without  restraint.  If  the  point  a  be  supposed  to  move  for- 
ward in  the  direction  of  the  arrow,  the  extremity  e  of  the  crank 
will  describe  an  arc  &om  c  tow^ds  d,  until  it  arrives  at  the  point  e, 
which  is  in'  the  straight  line  with  a  b.  Then  it  is  evident  that, 
whichever  direction  the  point  a  tends  to  m.ove  in,  no  motion  can 
poflsibly  be  pfoduced  in  c,  as  the  force  would  act  exactly  at  right 
angles  to  the  direction  in  which  the  point  c  must  be  moved.  If  c 
be  carried  past  this  point,  and  a  motion  the  reverse  of  the  former 
be  imparted  to. a,  the  extremity  c  of  the  crank  will  pass  through 
the  semi-circumference  e  f  g,  and  upon  arriving  at  the  point  g  we 
shall  find  that  this,  like  the  point  e,  is  a  point  of  no  motion.  The 
means  employed  in  practice  to  carry  the  crank  past  these  points  of 
no  motion,  technically  called  dead  points^  will  be  e:^lained  here- 
afier,  our  attention  being  at  present  confined  to  the  action  of  the 
crank  in  regard  to  the  alteration  suffered  by  the  force  in  its  trans 
mission  through  the  same. 
7 
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To  ilhiatrato  the  action  of  the  CTank  aaotiher  diagram  will  be 
Bcrviceable.  It  is  shown  at  figoie  39 :  a  is  the  head  of  the  piston 
rod,  b  the  oentre  npon  which  tiie  crank  revolves^  and  q  d  the  dead 
points;  a  d  is  the  oonneoting  rod ;  the  position  is  shown  by  the  full 

Fig*  39. 


lines  when  the  crank  is  npon  the  dead  point  cL  The  aotted  oircle 
which  represents  the  path  of  the  extremity  d  of  the  crank  bdia 
divided  into  eighteen  parts  in  order  that  the  variation  of  the  force 
transmitted  to  the  shaft>  upon  which  the  crank  is  fixed,  at  di£feient 
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parts  of  the  stroke,  may  be  examined.  It  will  be  guffioient  for  the 
present  purpose  to  investigate  tbe  case  for  tbe  points  e/g  hin  the 
first  quadrant  of  the  circle ;  but  it  is  desirable  to  include  an  extra 
pointy  n  b,  diowing  the  position  of  the  crank  when  at  light  atigles 
to  the  straight  line'  a  c  In  order  to  comprehend  the  variations 
undergone  by  the  motive  force  applied  at  the  point  e,  the  case 
must  be  treated  by  the  well  known  principle  of  the  parallelogram 
of  forces. 

The  length  of  the  cotinecting  rod  being  constant,  we  can  find 
the  position  of  the  head  of  the  piston  rod  corresponding  to  each 
of  the  points  e/g,  &o^  by  marking  off  from  those  points  upon 
the  line  a  c,  distances  eo / p,  &c^  each  equal  to  the  length  of  the 
connecting  rod. 

The  first  step  will  consist  in  the  resolution  of  the  strain  in  the 
direction  of  the  connecting  rod,  and  in  the  other  direction  in 
which  it  acts,  of  which,  however,  no  mention  has  yet  been  made. 
The  directions  in  which  the  force  will  be  resolved  are  evidently  the 
axis  of  the  piston  rod,  and  at  right  angles  to  tl^e  same,  the  latter 
producing  pressure  upon  the  guide-blocks  and  guides.  Hence  it 
may  be  concluded  that  in  the  case  of  any  position,  such,  for  in- 
stance, as  that  corresponding  with  the  point  g,  the  relative  values 
of  the  forces  will  be  represented  by  the  ades  of  a  right  angle 
triangle,  consisting  of  the  length  and  position  of  the  connecting 
rod  g  qt  the  perpendicular  let  fall  from  the  point  g  upon  a  c,  this 
perpendicular  being  in  the  present  case  g  I,  and  that  part  of  the 
line  a  c  which  is  coiitained  between  the  extremity  of  the  connect 
ing  rod  and  the  perpendicular  mentioned  above,  in  the  present 

case  Iq. 

Let  P  represent  the  total  pressure  on  the  piston,  and  therefore 
the  total  pressure  acting  in  the  direction  a  c ;  then  the  forces  acting 
in  the  various  directions"  will  be  as  follows.  The  pressure  on  the 
guide-blocks  will  be 

-p'j 

Iq 

That  on  the  ooimectmg  rod  will  be 

htAqgia  constant ;  call  it  =  I^  then  the  force  upon  the  oonnecv 
log-jod 
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In  order  to  find  the  moment  of  the  last  foroe^  about  the  centre  h 
pzoduoe  the  line  q^  g,  and  from  the  point  b  let  fall  upqfi  it  the  per- 


pendicnkr  5  i,  then  inll  h  t  represent  the  diatanoe  at  which  the 
force  actB^  and  the  moment  about  &*will  be 

lb' 
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In  a  flnJTnJTar  manner  the  moment  of  power  may  be  fonnd  for  the 
other  points.  *  The  lower  qiiadrant  immediately  beneath  bnd  will 
e^dii'bit  the  same  phases^  the  remaining  qnadrants  being  different 
Saving  fonnd  a  xneass  of  calculating  the  moment  of  preBSore^  it 

•  Fig.  40  (a). 


'be  interesdng  to  draw  the  curve  through  which  the  point  t 


a  h.  Pig-  40,  be  the  straight  line  in  which  tbe  head  of  the 
xod  moves.    The  cbange  of  force  due  to  the  position  of  the  . 
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crank  shall  first  be  determined,  the  foroe  on  the  conneotmg  rod 
being  for  the  present  supposed  to  be  constant ;  then  the  point  upoD 
which  the  perpendicular  to  the  connecting-rod  fieills  will  at  each 
point  of  intersection^  there  being  fourteen  intersections,  pass 
through  the  points  I ij khm  and  e ;  and  if  the  lengths  of  these 
perpendiculars  be  laid  oflf  radially  from  the  centre  e  along  the  axis 
of  the  crank  for  each  position,  we  shall  obtain  the  figure  e  f  g  d. 
The  force  on  the  connecting  rod  is  no%  however,  constant,  but 
varies  as  the  length  of  the  perpendicular,  divided  by  the  horizontal 
distance  between  the  extremities  of  the  eonnecting  rod.  It  is 
worthy  of  note  that  at  symmetrical  divisions,  2A  oo  pp,  the  posi- 
tions of  the  connecting  rod  are  parallel,  and  therefore  the  strain 
upon  the  connecting  rod  at  any  point  at  a  given  distance  from  the 
axis  of  one  side  of  a  line  at  right  angles  to  the  same  is  equal  to 
the  strain  upon  it  for  a  corresponding  point  on  the  other  side  of  the 
said  line.  We  may  find  the  relative  vahie  of  the  moment  actually 
acting  upon  the  centre  e,  when  the  pressure  in  the  directioil  a  i  is 
constant,  for  any  position  of  the  crank,  by  multiplying  the  length 
of  the  perpendicular  by  the  relative  pressure  on  the  connecting 
rod,  the  result  being  represented  geometrically  by  an  area  or  sur- 
face, which  may  be  either  a  rectangle  or  a  right-angled  triangle. 
At  Z  is  shown  an  enlarged  view  of  the  figure  e  f  g  d,  the  moments 
being  represented  by  rectangles.  It  is  evident  that  if  triangles  be 
taken  instead  of  rectangles,  these  triangles  being  placed  with  their 
apices  meeting  at  the  centre  e^  the  total  simi  for  every  position  of 
the  crank  in  the  semicircle  may  be  conceived  to  constitute  a  solid, 
bounded  by  three  surfaces,  of  which  two  are  plain  and  one  curved, 
such  a  solid  is  shown  at  Z' ;  then  if  any  section  of  this  solid  be 
taken  by  a  plane  passing  through  the  point  e^  the  plane  being  per- 
pendicular to  the  upper  surface,  we  shall  obtain  a  triangle  repre- 
senting the  relative  moment,  about  e,  When  the  crank  axis  lies  in 
that  plane.  It  may  be  desirable  to  notice  the  effect  of  lengthening 
or  shortening  the  connecting  rod.  If  a  longer  connecting  rod  be 
used  the  perpendiculars  for  all  positions  on  the  nearest  semicircle 
to  the  head  of  the  piston-rod  will  be  shortened,  and  those  on  the 
opposite  semicircle  will  be  lengthened,  the  result  of  which  will  be 
that  the  figure  e  f  g  d  will  more  nearly  approach  a  symmetrical 
form,  approaching  nearer  in  contour  to  the  dotted  circle  shown  as 
the  length  of  the  connecting  rod  increases.    Hence,  the  longer  the 
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tody  the  mors  uni&nnly  will  the  eagjne  work;  and 
tlie  oomMoting  rod,  the  more  inognkr  will  its  0K>to- 
li  is oTident tksl the flgnio •/ gd csa  never  beoome 


tly  symmetrical,  as  in  that  case  the  connecting  rod  would  be 

to  be  infinitely  long, 
bre  taking  leare  of  the  crank,  it  is  desirable  to  mention  the 
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action  of  tbe  crank  under  the  oecUlating  engine.  In  tliis  case,  the 
cylinder  is  placed  upon  tronnions^  the  piston-rod  head  being  jointed 
to  the  crank,  the  lateral  movement  of  which  is  allowed  for  by  the 
vibration  of  the  cylinder.  The  pressure  upon  the  crank,  coming 
always  direct  from  the  piston,  is  unifoim^  hence  the  variations  of 
the  length  of  the  perpendiculars  only  need  be  considered.  In 
Fig.  41  WQ  show  curves  illustrating  this  variation.  The  point  a 
is  the  axis  upon  which  the  cylinder  osdllates ;  i  e  is  the  curve 
described  by  the  point  upon  which  the  perpendiculars  &11  for  each 
position  of  the  crank,  and  e  /\d  g  exhibits  the  variation  of  tiie 
ultimate  moment  of  power  about  the  centre  e  for  one  stroke.  It 
is  evident  from  these  diagrams  that  the  action  of  the  oscillating 
engine  is  &r  more  tmiform  than  that  of  the  fixed  cylinder  engine, 
as  the  solid^  illustrative  of  the  ■  action  of  tha  crank  in  the  former 
machine,  will  be  of  uniform  thickness  throughout 

Wheb  a  beam  engine  is  used  to  give  a  rotatory  motion,  the  con- 
necting rod  is  attached  to  one  end  of  the  beam. 

The  pumps  consist  of  cylinders,  fitted  with  plungers,  and  their 
action  will  hereafter  be  described. 

The  slides  by  :vv'hich  the  steam  is  admitted  to  the  cylinder  have 
a  rectilineal  movement,  derived  from  the  motion  of  the  en^e 
itself.  In  engines  having  rotatory, motio^i,  this  rectilineal  move- 
ment is  obtained  by  means  of  ^an  eccentrib  wheel  fixed  upon  the 
main  shaft,  as  shown,  Fig.  42  ^  its  action  is  equivalent  to  that  of 

Fig.  42.  N  Fig.  43. 


the  crank,  and  in  fiust  the  eccentric  might  be  replaced  by  a  crank, 
as  shown  by  the  dotted  lines. 

Whenun  intermittent  motion  is  required,  a  contrivance  called 
a  cam  is  made  ude  of,  which  cam  is  of  the  form  shown  in  Fig.  4^. 
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The  camber  «  xaiaoB  tke  end  of  tke  le^er  «t  every  leToIutioii,  ih» 
end  &D]]^  ^g/in  aa  aooii  aa  the  camber  baa  passed  it 

With  r^aid  to  the  rotatorj  aigine  there  is  little  to  be  said,  as 
the  rotaftaty  motiaQ  is  immediately  oUained.  In  the  disc  engine 
a  piatan  rod  attached  to  the  o»tie  of  the  piston  describes  a  cone^ 
and  its  extremity,  which  describes  a  eiide,  is  fitted  to  a  crank. 
The  last  part  of  the  steam-engine  which  will  be  mentioned  here  is 
commoii  to  all  varieties  of  land  engines;  it  is  the  fly-wheel,  which 
oonsiste  of  a  heavy  wheel  placed  on  the  main  shafts  to  cany  the 
crank  o^er  the  dead  points,  and  to  act  as  a  corrective  to  the 
variatiaiL  of  fioce  on  the  shaft.  Its  action  is  this:  at  the  point 
o£  iir*o^T«wTn  speed  an  extra  qnantity  of  work  is  accumulated  in 
the  ^--wheel,  which  is  expended  during  the  period  of  minimum 


a 


CHAPTER  X. 

OXNBSAL  PBINCIPLES  OF  STEAK-BOILEBS. 

The  vessels  in  whicli  water  is  evaporated  in  order  to  supply 
steam  to  steam-engines,  are  technically  called  boilers,  and  their 
forms  are  very  varied.  The  first  point  to  be  considered  is  the 
power  of  a  boiler :  that  is  to  say,  to  determine  the  quantity  of 
water  which  the  boiler  will  evaporate,  the  horse-power  being  con- 
sidered equivalent  to  the  evaporation  of  one  cubic  foot  of  water 
per  hour.  The  quantity  of  fire  and  heating  surfsice  requisite  to 
evaporate  one  cubic  foot  of  water  per  hour,  has  at  various  times 
been  determined.  It  was  formerly  taken  at  one  square  foot-  of  fire 
surface,  and  nine  horizontal  feet^  or  one  yard  horizontal  heating 
surface,  sometimes  also  called  water  sur&ce ;  but  later  experiments 
have  shown,  that  this  is  more  than  sufficient,  8*1  square  feet  per 
horse-power  being  all  that  is  r^uired.  Vertical  surfiuse  is  con- 
sidered only  half  as  efficient  as  horizontal  surface. 

The  rule  for  the  nominal  horse-power  of  a  boiler  may  now  be 
given.  It  is  exceedingly  simple.  Let  s  equal  the  whole  horizon- 
tal heating  surface,  plus  half  the  vertical  heating  ^£Ei.ce  in  square 
feet,  then  will  the  horse-power  of  the  boiler  be 

8 

~  8T 

When  we  have  cylindrical  sur&ces  to  deal  with,  other  rules  will 
be  found  more  convenient.  If,  for  instance,  the  fiimace  is  con- 
tained in  a  cylinder,  so  that  the  flame  and  hot  air  act  on  the  upper 
half  of  the  tub^  then  the  horse-power  to  which  the  surface  thus 
affisrded  is  equivalent  may  be  found  from  the  formula 

6 

I  and  d  being  the  length  and  diameter  of  the  tube  in  feet. 
Many  boilers  are  now  made  in  which  the  heating  surfkce  is  for- 
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oislied  jHincipan J  br  annll  tabes,  sock  boilers  being  knowa  m 
mnltimbiLbr  boikiaL  and  in  cakalating  the  power  of  these  it  will 
be  inoGnTenient  to  tike  the  diuneCa*  of  the  tabes  in  feet  in  eon* 
sequence  of  their  small  ase.  Hence,  m  rale  most  be  foond  for  the 
diameter  in  inches.  In  this  case,  the  heated  air  acts  on  the  wholo 
sui&oe  of  eadi  tabe;  henee  if  «  be  the  nomber  of  tabes»  d  the 
diameter  in  inches^  and  I  the  length  in  feet»  the  foUo ving  role  will 
giTC  the  power: 

80  — 

It  may  be  adrisable  to  consider  the  eflfoct  <^  axe  of  the  tobec^ 
with  regard  to  heating  sorfaoe,  it  being  taken  for  granted  that  a 
certain  section  is  required  for  draughty  which  section  is  to  be  given 
by  a  number  of  tabes. 

Let  n  eqoal  the  number  of  tubes,  d  the  diameter  of  one  tube 
in  inches,  a  the  total  area  of  air  passage  in  square  inches ;  then 
tlie  quantities  ma j  be  found  firom  the  following  equations^  {  being 
the  length  of  tubes  in  feet : 

a  «»  0*7854  d*n 

bat 

rrn tdn 

benoe 
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From  this  formida  it  will  be  seen  that  the  area  yaries  as  the 
square  of  the  hotse-power,  and  inversely  as  the  number  of  tubes» 
and  the  square  of  the  length;  therefore,  the  smaller  the  tubes  are 
suuie,  the  greater  will  be  the  heating  surfiM»  in  proportion  to  the 
area  of  the  air-passage,  and  more  heat  wUl  be  taken  up  from  the 
gases  in  tbeir  passage ;  wherefore  we  may  conclude  that  it  is  do- 
siiable  to  make  the  tubes  as  small  diameter  as  possible.  The 
following  formula  may,  in  addition  to  those  already  given,  be 
found  usefiil  :— 

j_SOffP 

dn 
SOEP 


nss 


d^ 


Id 

80  SP 
In 
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siaOf  if  a  given  area  of  seetdon  be  required 


a=^    « 


n=s 


0-7854-  n 
a 


0-7854  (?  • 

Smalf  tubes  Have  also  other  advantages  over  large  ones,  for 
ikey  may  be  made  of  thinner  metal,  because  the  strain  diminishes 
as  ^e  radiu^  and  the  tubes  being  thinner  will  be  lighter,  and  will 
interfere  less  with  the  passage  of  the  heat  from  the  hot  air  to  the 
water  to  be  evaporated.  The  following  rule  will  give  the  thick- 
ness <tf  the  tulles:  Let  s  be  the  tensile  resistance  of  an  inch 
^quare  bar  of  the  material  in  pounds^.c  the  compressive  resistance 
of  the  same,  r  the  radius,  p  the  pressure  in  pounds  per  square  inch, 
t  the  thickness,  in  inches,  of  the  metal;  then,  if  the  pressure  acts 
outside  -the  tubes,  and  the  tubes  are  short  and  rigid,  their  thickness 
shoxdd  be 

c 
If  the  pressure  be  applied  on  the  inside,  the  thickness  will  be 

8 

The  first  formxda  must  not  be  applied  to  tubes  which  are  not 
rigid,  and  which  will  therefore  yield  by  the  buckling  or  crump- 
ling of  the  material  of  which  they  are  made. 

Square  boilers,  such  as  those  generally  used  for  marine  purposes, 
are  strengthened  by  stays,  which  tie  the  flat  sides  and  prevent 
their  bulging  when  subjected  to  internal  pressure. 

Boilers  should  always  be  fitted  with  safety-valves  and  steam- 
gauges,  the  construction  of  which  will  presently  be  described* 
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PSKLOaKABT  OONBIDERATIONS  ON  THS  APPLICABILI77  OF  TASl* 
OTJB  ISNBS  OF  STSAM-XNaiNIS  TO  YABIOUS  PimPOSSS. 

Thi  first  sfeep  to  be  taken  when  it  is  proposed  .to  construct  a 
steam-engine,  consists  in  determining  the  general  form  of  the  main 
features  of  the  engine,  without  regard  to  the  minor  details ;  where-' 
foie,  it  is  proper  to  enter  upon  this  subject  before  following  up 
oomplete  descriptions  of  steam  machinery. 

This  chapter  will  be  devoted  to  a  comparison  of  the  different 
arrangements  already  mentioned,  regard  being  had  only  to  the 
main  features;  such  as  cylinder,  connecting  rod,  beam,  cranls;  &c^ 
as  applied  to  a  variety  of  purposes. 

Steam-engines  will  be  first  divided  into  condensing  and  non- 
oondensingp  the  former  being  the  most  costly  in  construction,  and 
takmg  vp  a  great  deal  of  room,  but  making  full  amends  for  this 
in  the  economy  with  which  they  work.  The  latter  kind  of 
engine  is  exceedingly  compact,  and  capable  of  working  at  very 
Hgh  speeds,  simple  in  construction,  and  cheap,  occupying  a  small 
spac^  but  very  &r  inferior  to  the  condensiug  engine  in  point  of 
economy  of  fueL 

Engines  may  also  be  divided  into  three  classes:  stationary, 
marine,  and  locomotive.  In  the  stationary  class,  we  have  sub- 
divifflona  according  to  form,  as  follows:  beam  engines,  vertical 
engines,  table  engines,  horizontal  engines,  inclined  engines,  oscil- 
lating engines,  pendulous  or  inverted  oscillating  engines,  grass- 
hopper engines,  rotatory  engines,  and  disc  engines. 

Marine  engines  may  be  divided  into  the  following  classes :  flnt, 
paddle  ei^ines  and  screw  engines,  according  to  the  method  pf 
propnMon;  secondly,  according  to  the  form,  into  side-lever 
engioes,  upright  enginesi,  inclined  engines,  oscillating  engines, 
horizontal  engines,  rotatory  engines,  digc  engines,  &c. 

Locomotive  engines  include  those  for  railway  purposes  and 
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tbose  which  run  on  common  roads.  They  may  be  divided  Jnto 
two  classes:  one  with  the  engines  above  the  boiler,  and  the  other 
with  the  engine  beneath  it.  They  are  invariably  high-pressure, 
as  it  is  necessary  that  they  should  occupy  but  small  space,  and  be 
as  light  as  possible. 

Let  it  be  required  to  design  ma  eAgiae  for  manufacturing  /pur- 
poseSi  then  it  will  be  necessary  to  consider  which  class  of  engine 
will  be  moat  suitable  to  'the  purpose^  a  rotatory  motion  Imng  sup- 
posed totbe  required.  If  the  neighborhood  in  whi<&.  the  engine 
isi  tp  be  erected  be  plentifully  supplied  with  water,  then  it  will  be 
advisable  to  construct  an  engine  on  the  condensing  principle,  for 
the  sake  of  economy  of  working.  If,  however,  there  be  not  room 
for  the  bulky  machinery  required,  then  a  high-pressure  engix^a 
must  be  emp]oyed«  The  beam-engine  will  be  found  to  wosrk  very 
steadily,  and  is  perhaps  the  most  convenient  form  that  can  be 
adopted  when  a  high  velocity  is  not  required ;  but  if  the  speed 
must  be  considerable,  then  an  engine  oi  lighter  parts  will  be 
preferable*  It  may  be  desirable  to  examine  the  action  of  recijHro 
eating  masses  thus  employed. 

Examining  the  action  of  the  engine  during  one  stroke,  we  find 
that  we  have  the  piston,  piston  rod,  &e.,  in  a  state  of  rest  at  the 
commencement  of  the  stroke.  These,  bodiea  are  then  set  in  mo^ 
tion,  their  veloeity  gradually  increasing,  but  before  the  next  stroke 
can  be*  made,  the  work  accumulated  m  these  parts  must  be  ab* 
sorbed,  and  the  manner  in  which  this  absorption  is  effected  is  one 
of  vital  importance.  K  the  steam  be  simply  cut  ofi^  then  this  work 
accumulating  in  the  above-mentioned  masses  of  metal  will  evi* 
dently  be  expended  upon  the  bearings  and  joints;  but  if  liie 
method  usually  known  as  cushioning  be  adopted,  the  greater  paart 
of  the  accumulated  work  will  be  economized.  By  cufihionin^  the 
piston  is  meant  the  introduction  of  the  steam  for  the  following 
stroke^  before  the  termination  of  the  previous  one ;  then  the  gieater 
portion  of  the  work  accumulated  will  be  expended  in  compressing 
the  steam,  and  so  soon  as  Ihe  crank  haa  passed  the  centie,  or  dead 
pointy  the  piston  will  change  the  direction  of  its  movemenit,  and. 
the  compressed:  steam  will  expand,,  and  give  up  the  work  which  it 
had  absorbed^  hence  the  reciprocating  engine  may  by  eaas^hl 
management  be  caused  to^work  with  great  smoothness  anxi  regu* 
larity.    In  the  more  compact  class  of  steam-engines,  such  as  table- 
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eDgiiiQB,  horizontal,  inclined,  and  rertical-engines,  a  less  degree  of 
cushioning  is  required  than  in  beam-engines:  because  im  the 
former  case  the  moring  masses  do  not  possess  so  much  inertia  as 
do  those  of  the  latter  class  of  engines.  It  has  been  proposed  to 
use  masses  of  metal  to  ooxuiterbalanoe  the  effects  of  the  recipro* 
eating  parts  of  steam-engines^  being  of  equals  weight  with  the 
ktter,  and  always  moving  in  an  opposite  direction*  This^  however, 
is  perfectly  superfluous  for  fixed  engines. 

With  regard  to  rotatoiy-engines,  it  may  be  desLrable  to  o£Eer  a 
few  remarks  in  this  place.  In  these  machines  there  are  no  re> 
ciprocating  parts  having  sufficient  inertia  to  render  them  worthy 
oi  serious  consideration,  wherefore,  high  velocities  may  safely  be 
used.  There  is  also  the  advantage  on  their  ^ide,  in  point  of  uni- 
formity  of  movement^  as  the  moment  of  power  about  the  main 
shaft  remains  constant  for  any  position  of  the  same»  the  variations 
entailed  by  the  crank  being  thus  avoided. 

It  is  a  great  mistake  to  imagine  that  any  saving  is  effected  by 
having  an  exceedingly  heavy  fly-wheel,  to  render  less  evident  the 
jerks  and  reactions  produced  by  the  reciprocation  of  the  machinery 
of  the  ordinary  engine;  for  although  the  velocity  may  be  thereby 
rendered  more  uniform,  yet  the  jerks  and  vibrations  will  still 
exist,  although  th^  be  less  evident.  Hitherto  rotatory  engines 
have  not  been  attended  by  results  sufficiently  satisfactory  to  in- 
duce their  employment  by  the  generality  of  mechanical  engineers; 
this  being  due,  in  a  great  many  engines,  to  the  impossibility  of 
keeping  the  valves  and  packings  in  a  steam-tight  condition,  which 
defect  destroys  the  economy  of  the  machine^  a  large  quantity  of 
steam  being  lost  1^  leakage,  the  difference  between  the  sutCmka 
of  contact  of  the  moving  parts  of  the  two  dasses  of  steam-engina 
being  as  follows:  In  the  reciprocating  engine  suifSiuses  of  contact 
of  ai^  desired  extent  may  be  obtained,  and  these  suifaces  may  be 
scraped  so  ai  to  work  upon  each  other  almost  perfectly  steam* 
tight;  whereas  with  rotatory  engines  it  is  but  seldom  that  good 
ateam-jomts  can  be  obtained,  the  engineer  being,  in  the  greater 
■umber  of  cases^  obliged  to  substitute  these  broad  surfiioes  of  con- 
tact  by  others  so  narrow,  that^  practically  speaking,,  ihey  may  be 
r^arded  as  simple  lines. 

Fftai  these  remarks  it  may  be  concluded  that  for  the  purposes 
abore  mentioned,  where  great  steadiness  is  required,  beam-engines 
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may  be  used  with  advantage.  Next  to  these,  with  regard  to  tmi 
formity  of  movement,  oscillating  engines  may  be  ranked,  more 
especially  when  constructed  with  the  cylinders  above  the  main 
shaft,  which  form  is  known  as  the  pendulous  engme ;  and  if  this 
be  made  with  a  proper  regard  to  the  principles  which  regulate  the 
motion  of  vibrating  masses  it  will  be  found  to  work  with  great 
smoothness. 

With  regard  to  marine  engines,  {he  following  remarks  will 
embody  most  of  the  considerations  by  which  the  engineer  is 
directed  to  a  conclusion  as  to  the  class  of  machine  to  be  employed 
for  any  particular  vesseL 

The  first  consideration  is  the  available  space,  which  is  generally 
*  rather  in  defect  as  regarjds  height,  of  that  which  is  most  con* 
venient;  hence  from  time  to  time  various  means  of  overcoming 
this  inconvenience  have  been  devised.  The  first  consisted  in  .the 
employment  of  beamcf,  placed  beneath  the  cylinders,  with  connect- 
ing rods  attaching  their  extremities  to  the  piston  rod  and  to  ihe 
crank;  oscillating  engines  have,  however,  been  foxmd,  on  the 
whole,  most  convenient  for  paddle-wheel  engines. 

The  introduction  of  the  screw-propeller  has  given  rise  to  a  great 
variety  of  designs,  the  main  objects  being  to  shorten  the  screw 
shaft  as  much  as  possible,  and  to  let  the  engines  act  upon  it  direct ; 
that  is  to  say,  without  the  use  of  tooth  wheels,  or  spur  gearing,  as 
it  is  generally  called. 

With  regard  to  locomotives,  there  is  but  little  to  be  said^  the 
dpcumatauces  of  the  ci«e  requiring  always  a  compact  design,  and 
admitting  only,  in  the  present  state  of  science,  of  the  use  of  hori- 
zontal or  inclined  engines,  with  fixed  cylinders.  These  cylinders 
are  sometimes  placed  within  the  framing  of  the  engine,  and  below 
the  boiler,  and  at  other  times  on  the  outside  of  the  framing. 

In  concluding  these  general  remarks,  it  is  thought  .desirable  to 
direct  the  reader's  attention  to  the  accompanying  Plate,  No,  XL, 
illustrative  of  the  main  features  of  various  descriptions  of  engines ; 
the  letteriiig  is  the  same  on  all  the  figures  :—a  is  the  cylinder,  c 
the  piston  rod,  d  the  beam,  e  the  connecting  rod,  /  the  crank,  g 
the  main  shaft,  and  h  the  eccentric,  by  which  the  valves  which 
admit  the  steam  to  the  main  cylinder  are  worked. 


CHAPTER  Xn. 


OS  THE  DETAILS  OF  BTEAM-SNGINEa. 

^  OyUfuJkrs  and  Valves. 

Pekumikabt  theoretical  and  general  practical  oonsiderationfl 
haying  been  diacnssed,  the  next  step  to  be  taken  will  consist  in  an 
acooimt^  prindpallj  of  a  descriptive  character,  of  the  various  de« 
tails  or  elementary  parts  of  steam-engines  as  they  exists  without 
regard  to  the  purposes  to  which  they  are  applied ;  and  in  follow* 
iog  out  this  course  care  will  be  taken  to  describe  ftdly every  pecu* 
liarit^  of  form,  and  to  indicate  the  end  intended  to  be  gained  by 
Boch  peculiarity,  without^  however,  entering  into  any  considera- 
tions of  a  purely  theoretical  character. 

One  of  ^e  most  general  details  of  all  classes  of  steam-engines 
is  the  steam-cylinder,  which  will  therefore  first  require  attention. 

Cylinders  may  be  divided  into  two  classes, 
fixed  and  oscillating. 

Fig.  44  represents  a  section  of  an  ordi- 
nary fixed  cylinder ;  that  is  to  say,  it  ex- 
hibits the  form  of  a  cylinder  which  has 
been  cut  through  the  centre,  the  cut  parts 
being  exposed  to  view  in  plan  or  vertical 
d  section.  It  is  of  course  circular ;  a  re- 
presents the  body  of  the  cylinder,  b  and  c 
are  covers,  of  which  however  the  descrip- 
tion will  be  postponed  for  the  present^  the 
body  o{  central  part  of  the  cylinder  being 
first  considered.  It  is  necessary  to  pro- 
vide means  for  the  entrance  and  exit  of 

f  €       parts  of  the  cylinder ;  the  extremities  of 

Ae  passages  through  which  the  steam  passes  from  the  steam  chest 
to  tllb  interior  of  the  cylinder  are  shown  at  d  and  e,  /  indicating 
the  entrance  to  the  pipe  through  which  the  steam,  having  done  its 
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work;  makes  its  escape.  These  entrances  are  called  ports,  and 
will  subsequently  be  fully  described.  The  body  of  the  cyliuder 
is  fdrnished  at  top  and  bottom  with  rims  called  flanges,  which 
serve  for  the  attachment  of  the  covers  .by  means  of  bolts  and  nuts, 

Fig.  45  represents  a  section  of  an  oscillating  cylinder,  taken  at 
right  angles  to  the  ports.  The  feature  which  distinguishes  this 
class  of  cylinder  from  the  foregoing,  consists  in  the  manner  of 

Fio*  45, 


u 


supporting  it,  so  that  it  may  oscillate  with  ease,  c  c  c  c  are  the 
ilanges,  the  covers  are  not  shown,  a  and  h  are,  as  it  were,  short 
shafts,  cast  on  the  sides  of  the  cylinder,  and  diametrically  opposite 
to  each  other ;  they  are  accurately  turned,  and  are  supported  in 
bearings  which  fit  them  truly.  These  short  shafts  are  termed 
trunnions,  the  parts  which  rest  on  the  bearings  being  in  this,  as 
in  other  cases,  called  journals. 

It  is  evident  that  the  motion  of  the  cylinder  precludes  the  use 
of  the  method  of  attaching  the  steam-pipe  commonly  employed  in 
fixed  engines,  hence  some  pecu^p  form  of  construction  must  be 
had  recourse  to ;  wherefore,  the  steam  is  conducted  through  the 
trunnions,  to  and  from  the  valve  chest  The  means  of  making  a 
steam>tight  joint,  between  the  fixed  steam-pipe  and  the  moving 
trunnions,  will  be  explained  in  a  subsequent  page.  The  steam  is 
conducted  from  one  trunnion  to  the  steam-chest  by  a  hollow  band 
passing  round  the  cylinder,  and  in  a  similar  manner  from  the 
Steam-chest  to  the  other  trunnion,  after  having  done  its  work  in 


IHBTiJLS  O^  ST£A.)1-EN'QINBS. 


115 


Fif.  «. 


propelling  tbe  piston ;  its  passage  may  bowerer  be  better  desoribetl 

hj  the  assistance  of  tbe  horizontal  section  Fig.  46,  which  i«  taken 

through  a  b,  the  Bteam-band  in  the  former  being  represented  by  the 

dotted  linefl  d. 

In  the  horizontal  section,  Fig.  46,  the  shaded  parts  represent  the 

metal,  a  and  «  being  the  tmnnions. 

The  steam  by  which  the  engine  is 

to  be    impelled    enters  at  a,  and 

passes  thence  into  the   steam-cheet 

at  c,  after  which  it  is  admitted  by 

the  slide  valve  to  the  cylinder,  and 

>  having  done  its  work,  passes  into 

the  exhaust  port  d,  and  finally  oat 

at  the  trunnion  e,  into  the  condenser 

or  atmosphere,  as  the  case  may  be. 

The  steam-ports  attached  to  the  cylinder,  and  forming  part  <^ 

Pif.47. 


the  Bsme,  next  reqidre  description.  In  Fig.  47,  .^  is  a  section  taken 
UiTongh  the  cylinder,  that  part,  however,  which  shows  the  ports 
only,  being  given;  £  is  a  &ont  elevation  of  the  ports,  and  C^  ia  a 
section  prodnced  by  a  plane  catting  the  steam  passages  by  passing 
dirongh  the  centres  of  the  vertical  parte  of  the  same^  parallel  to 
the  port-&oes.  The  lettering  is  tbe  same  in  each  case;  a  is  the 
interior  of  the  cylinder,  b  and  c  the  steam-porte  or  external  open- 
ings of  the  steam-passages,  which  are  made  narrow  in  order  that 
th^  may  be  soddenly  opened  and  closed  by  a  slight  movement  in 
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the  direction  5  cof  a  plate  resting* upoft  the  poiirfaces;  /is  tlie  port 
into  which  the  exhaust  steam  passes,  whence  it  escapes  through 
the  exhaust  pipe  g.  The  means  by  which  the  entry  and  exit  of 
the  steam  are  regulated  will  be  described  in  a  subsequent  page, 
hence  no  further  comment  upon  the  port-&ces  is  requisite,  except 
the  observation  that  the  steam-passages  may  be  shorter,  the  ports 
«to  ap-xt  «>d  tt,  port.ftce.'^Metime,  Lde  i«  .wo  «^ 
parts:  one  for  the  top  fieu^e,  and  the  other  for  the  bottom. 

Haying  now  fully  described  the  form  of  the  steam-cyHnder,  it 
is  necessary  to  render  some  account  of  th6  means  employed  in  its 
manufacture. 

The  first  step  towards  the  construetion  of  the  cylinder  will  con- 
sist in  determining  its  dimensions,  and  in  order  to  obtain  results 
of  a  satisfiEiCtory  character,  we  must  necessarily  employ  proportions 
which  may  be  demonstrated  to  be  the  most  economicaL  With  re- 
gard to  the  diameter  of  the  cylinder  requisite  for  a  giyen  horse- 
power, that  will  be  found  in  the  following  formula. 
Let  A  =  the  horse-power  required. 

n  =  the  number  of  revolutions  of  the  main  shaft  per 

minute. 
I  x=ss  ihe  length  of  stroke 
j?  =  the  total  effective  pressure  per  square  inch  and  pounds 

upon  the  piston. 
c{=the  diameter  of  cylinder  in  inches. 
Then  : 

Inp 

which  formida  is  derived  from  tl^p  considerations  given  in  a  pre- 
vious chapter.  We  may  h^e  observe  that  p,  the  total  efiect  of 
pressure,  is  taken  to  represent  the  mean  pressure  of  the  steam  for 
high-pressure  engines,  and  the  mean  pressure  of  steam  plus  the 
mean  pressure  of  vacuum  in  condensing  engines.  For  Ihe  latter 
class,  there  is  a  rule  for  nominal  horse-power,  the  pressure  being 
taken  at  seven  pounds  per  square  inch,  and  the  speed  of  the  piston 
at  two  hundred  feet  per  minute.  Working  out  the  calctdatioii 
upon  these  data,  the  following  formula  will  be  found  to  approach 
absolute  truth  very  nearly 
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These  roles  will  suffice  fpr  tlie  diameter  of  the  cylinder,  but  it 
yet  remains  for  the  engineer  to  determine  the  thickness  of  metal. 
The  absolute  thickness  requisite  to  withstand  the  bursting-force  is 
much,  less  than  can  be  applied  in  practice,  hence  the  formula 
assumed  to  meet  this  requirement  only  are  of  little  practical  value ; 
we  therefore  insert  one  of  a  somewhat  dififerent  character,  which 
satisfies  the  conditions  required  by  the  increasing  weight  of  the 
cylinder.  We  insert  the  formula  without  giving  the  steps  by 
which  it  was  obtained,  for  the  two  following  reasons ;  firstly,  spaoe 
would  thereby  be  occupied  in  a  manner  which  is  undesirable  in  a 
work  intended  for  practical  reference ;  and  secondly,  they  are  of 
so  simple  a  character  that  little  difficulty  can  be  found  in  their 
ocHnprehension^ 

Let  <  =s  the  thickneBS  of  the  metal  in  eighths  of  an  inch«  then : 

P  d 


-■^-A'm*'} 


It  is  almost  needless  to  observe  that  in  this  formula  the  value 
dp  must  be  taken  at  a  maximum.  It  may  be  desirable  here  to 
insert  an  example  illujstrative  of  the  use  of  these  formulae. 

Let  a  cylinder  be  required  for  a  condensing  engine  whose 
nominal  power  is  sixty  horses,  then  the  square  root  of  sixty  is] 

7-75  nearly ; 
henc^ 

d  =s  5-5  \/A  =  6-5  +  7-75  =^  42-6  inches 

^=s  say  43  inches. 

For  the  thickness  of  metaX  supposing  j}  7=  SO  Iba,  will  be 
found, 

=  6-55 1  ^^^^  +  1  }=  6-55X 1-446  =  0947  eighths. 

The  thickness  wUl  therefore  in  practice  be  made  one  inch. 
It  firequently  happens  that  the  cylinder  is  strengthened  by 
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bands  passing  round  it,  but  cast  jn  the  piece  with  the  cylinder 
itself. 

The  next  step  will  consist  in  drawing  sections,  plans,  and  elera* 
tions  of  the  cylinder  to  scale,  care  being  taken  to  delineate  accu- 
rately the  ports  and  steam  passages,  which  latter  it  will  be  found 
desirable  not  to  bring  quite  through  the  metal ;  but  on  the  con* 
trfiry,  it  will  be  preferable  to  leave  the  ends  closed  by  a  slight  film 
of  metal,  for  reasons  which  will  subsequently  be  mentioned.  The 
drawings  being  made,  the  pattern-maker  may  prepare  a  template 
and  core-boxes ;  the  former  will  correspond  to  the  general  exterior 
profile  of  the  cylinder,  and  the  latter  will  contain  cavities  similar 
,  to  those  which  form  the  steam  passages,  in  order  that  cores  of  a 
proper  form  to  exclude  the  liquid  metal  from  those  passages  during 
the  process  of  casting  may  be  prepared.  The  mould  will  then  be 
made  in  loam,  and  the  cylinder  cast  according  to  a  method  similar 
to  that  described  for  the  production  of  a  melting-pot  in  the  chapter 
on  Moulding  and  Casting. 

Small  cylinders  may,  however,  be  cast  by  the  oidinary  means^ 
in  which  case  a  pattern  will  be  required,  quch  pattern  represent- 
ing the  general  external  form  of  the  cylinder,  but  with  this  e!s:cep- 
tioh|  that  wherever  an  aperture  is  to  be  formed  in  the  cylinder 
there  will  be  a  protruding  piece,  called  a  print,  on  the  pattern,  in 
order  to  form  recesses  wherein  the  extremities  of  the  cores  re- 
quisite to  produce  such  apertures  may  be  inserted,  in  order  to 
afiEbrd  them  requisite  means  of  support.  These  cores  may  also  be 
further  supported  and  retained  in  position  by  means  of  broad> 
headed  nails,  driven  into  the  sand.  The  casting  is  subsoquently 
conducted  in  the  usual  manner.  When  the  casting  is  cool,  it  is 
carefully  examined,  and  if  defective^  it  is  put  aside  to  be  remelted, 
being  known  as  a  waster ;  but  if  perfect,  it  is  first  treated  with  a 
piece  of  hard  oven  coke,  with  which  it  is  well  scoured,  in  order  to 
remove  the  greater  portion  of  the  hard  silicious  coating  with  which 
it  has  become  covered,  on  account  of  the  heat  of  the  molten  iron 
vitrifying  a  portion  of  the  sand  in  its  neighborhood.  After  scour- 
ing, the  cylinder  may  be  further  cleansed  by  means  of  an  old 
coarse  file,  after  which  it  will  be  ready  to  be  handed  over  to  the 
turners  and  fitters,  whose  operations  upon  it  next  require  atten- 
tion. 

Th^  first  operation  to  which  the  cylinder  will  be  subjected  by 
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Fig.  48. 


the  tomer^  will  oonsist  in  boring  the  cylinder,  catting  off  the  head' 
or  numer,  and  bcvag  the  flanges ;  and  it  is  in  this  operation  of 
IxNniig  that  the  advantage  of  casting  the  cylinders  with  the  steam 
passages  cloaed  is  obaerred;  for  \f  the  cylinder  were  cast  with  it 
open,  the  catting  tool  wonld  be  damaged  by  the  concossionB 
prodaoed  every  time  it  passes  over  the  opening ;  and  after  the 
boring  the  thin  film  of  metal  left  may  readily  be  cat  away  with 
the  chisel,  and  the  edges  of  the  ports  filed  smooth.  We  have 
already  described  the  boring-bar  and  head  in  the  chapter  on 
Workshop  Machinery,  bat  nevertheless  deem  it  desirable  here  to 
insert  an  illostration^of  thia  boring-head,  and  catting  tools  com* 
nooly  used  with  it 

In  Fig.  48,  the  apper  sketch  represents  a  boring-head  made  of 
east-iron,  and  aocorately  bored  in  the 
c^tre,  and  tamed  npon  the  periphery. 
The  boring-bar  apon  which  it  travels 
from  end  to  end  is  shown  by  the  shaded 
part  at  /;  ee,  &o,  are  slots  in  which  the 
boring  tools  are  fixed  by  wedges,  the 
boring-head  being  slightly  less  in  di- 
ameter than  the  interior  of  the  cylinder  to 
be  bored.  The  head  is  first  ased  with 
the  tool  shown  at  a  and  ft,  which  acts 
almost  as  a  scraper,  bat  which  is  saffi- 
oi^dy  accarate  in  its  action  to  take  the 
rough  eats  satis&ctorily.  The  finishing 
eat  is  taken  with  the  point  tool  shown  at  e  and  d;  and  in  taking 
this  cat  it  shoold  be  borne  in  mind  that  as,  by  the  Motion  of 
boring,  ihe  cylinder  becomes  heated,  and  therefore  expanded,  the 
operation  shoald  not  be  stopped  a  snfiBicient  time  to  allow  it  to 
cool  and  contract^  whereby  a  sadden  variation  in  the  bore  would 
be  prodaced. 

It  will  be  observed  that  there  are  great  difficalties  in  boring 
cylinders,  when  compared  with  the  process  of  taming,  as  the  cat- 
ting-tools  in  the  former  operation  can  scarcely  be  broaght  into 
operation  at  a  less  angle  than  ^0^ ;  hence  they  mast  of  necessity 
act  rather  as  scrapers  than  as  catting  tools  properly  so  called. 

In  the  most  accarately-tamed  cylinders  we  see  that  the  interior 
{bnn  is  not  that  of  a  perfect  cylinder,  bat  of  a  frostram  of  a  cone 
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of  veiy  small  angle,  that  is  to  say,  with  very  little  taper,  this  form 
being  thus  produced.  On  starting  the  work  the  cylinder  is  cold, 
but  as  the  boring  proceeds  it  becomes  heated,  which  effect  will  not 
be  noticed  in  the  boring-head,  but  only  in  the  cutting  tool.  The 
vesult  is  that  the  cylinder  expands  while  the  radius  of  the  cutting 
edge  remains  almost  constant.  Hence  that  end  of  the  cylinder  at 
which  the  boring  was  commenced  will  ultimately  possess  a  diame- 
ter somewhat  greater  than  the  other  parts;  but  the  difference  ia 
&r  too  trifling  to  be  taken  into  account  in  practice.  Nevertheless, 
it  is  desirable  to  be  acquainted  with  the  true  state  of  afi&irs. 

The  cylinder,  finished  with  the  point-boi^ing  tool,  presents  on 
its  interior  sur&ce  the  appearance  of  a  sci^w  furnished  with  an 
eoctremely  delicate  thread.  Hence,  it  may  readily  be  believed  that 
with  a  new  cylinder  there  is  at  first  much  friction ;  but  in  a  few 
days  the  roughness  wears  off,  and  the  interior  of  the  oylinder  be- 
comes perfectly  smooth  and  bright. 

A  just  consideration  of  these  facts  leads  to  the  conclusion  that 
it  is  unfair  to  test  the  powers  of  an  engine  immediately  after  it 
is  erected ;  and  that  results  more  nearly  approaching  the  truth 
may  be  readily  obtained  after  the  machinery  has  been  at  work  foi 
afewdays. 

The  method  of  boring  the  cylinder  having  been  discussed,  it 
will  be  necessary  to  pass  on  to  the  other  operations  connected  with 
the  ^rmation  of  this  important  element,  which  contains,  as  it  were, 
the  vital  force  to  which  the  mechanical  movements  of  the  steam- 
engine  are  due,  and  upon  which  they  are  dependent. 

The  next  operation  will  consist  in  facing  the  flanges,  which  may 
be  done  by  attaching  a  temporary  slide  apparatus  to  hold  the  cut- 
ting tool,  in  order  to  allow  la  motion  of  the  same  from  the  interior 
of  the  cylinder  towards  the  exterior,  the  cut  being  commenced  at 
the  internal  edge  of  the  flange.  The  method  of  completing  the 
cut  is  obvious,  hence  no  further  description  of  it  is  necessary 

The  next  step  will  consist  in  the  preparation  of  the  port  faces 
upon  which  the  valve  which  regulates  the  admission  of  steam  to 
the  oylinder  moves.  These  port  faces  are  first  planed  and  filed, 
and  then  reduced  to  a  sur&ce  as  nearly  plane  as  can  be  obtained 
by  the  following  means : 

A  surface^plate  of  the  form  already  described  in  a  previous 
chapter,  is  smeared  with  riddle  or  other  similar  coloring-matter, 
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and  then  plaoed  upon  the  port  &oes  and  gently  moved  about  in 
oontadwith  them;  then  it  is  evident  that  those  points  on  thepCHrt 
faces  irhich  are  most  elevated  will  alone  be  in  contact  with  the 
au&ce-plate,  and  therefore  will  become  marked  with  the  coloring- 
matter.  The  highest  points  in  the  surfsKse  will  become  thus 
indicated  b j  the  coloring  matter  taken  up  by  them,  and  may  be 
reduced  by  scraping.  The  operation  with  the  surface-plate  is 
again  and  again  repeated,  until  it  is  found  to  bear  uniformly  upon 
the  port  £M;es.  The  method  of  adjusting  the  slide  to  the  port  &ces 
will  subsequently  be  described. 

-The  foregoing  operations  having  been  satisbctorily  conductedi 
it  remains  to  drill  in  the  flanges  of  the  cylinder  the  holes  through 
which  the  bolts  by  which  the  covers  are  attached  to  the  cylinders 
pass ;  and  also  the  bolt-holes  in  the  port  &ce  flanges  by  means  of 
whidi  the  slide-jacket  will  subsequently  be  attached. 

If  the  cylinder  be  intended  to  oscillate,  it  will  be  fbmished 
with  trunnions^  which  must  of  course  be  accurately  turned. 

The  cjlinder^covers  wiU  not  require  attention ;  they  may  be 
dassed  under  two  heads, — ^plain  covers,  and  covers  furnished  wi& 
au  air-tight  stuffing-box  to  allow  a  rod  to  work  through  it,  air  and 
steam-tight.  One  of  each  class  is  usually  required.  A  section  of 
the  plan  is  shown  at  the  bottom  at  the  cylinder,  Fig.  49.  This  is 
the  form  generaUy  used  for  small  engines.  In  krger  ones  it  will 
be  frequently  convenient  to  make  the  covers  concave  on  the  ii^ide^ 
thareby  affording  extra  strength.  It  is  of  course  drcidar  in  plan. 
The  upper  cover  will  be  similar  in  every  respect  except  that  aa 
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sir  and  steam-tight  aperture  must  be  provided  for  the  passage  of 
the  piston-rod.  The  cylinder  covers  must  be  turned  on  their 
peripheries,  and  holes  must  be  drilled  jn  them  corresponding  with 
those  in  the  flanges  of  the  cylinder. 
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Fig.  50. 


The  reader's  Attention  will  now  be  directed  to  the  means  usually 
employed  when  it  is  requisite  that  a  rod  should  work  through  an 

aperture,  air  and  steam-tight.  This  is 
effected  by  means  of  a  contriyance 
called  a  stuffing-box,  famished  with  a 
gland. 

In  Fig.  50  is  shown  a  section  of  a 
stuffing-box  and  gland ;  e  c2  is  the  rod, 
which  is  required  to  wotk  air  and 
steam-tight  through  an  aperture  in  the 
plate  a  b.  Upon  this  plate,  and  in  one 
'  piece  with  the  sslme,  is  cast  a  cylindri- 
I  cal  box,  or  cylinder,  fiimished  at  the 
top  with  a  flange,  «/;  this  box,  techni- 
cally termed  the  stuffing-box,  is  bored 
at  the  bottom  accurately  to  fit  the 
rod  e  d,  and  at  the  upper  portion  it  is  bored  out  somewhat  larger, 
as  shown,  to  have  a  cylindrical  cavity  round  the  piston  rod.  To 
this  box  is  fitted  a  gland,  which  gland  is,  in  fistct,  a  cylinder  fur- 
nished with  a  flange,  (7  A.  This  cylinder,  or  gland,  is  bored 
throughout  its  length  so  as  to  fit  accurately  the  rod  c  d,  and  its 
exterior  surfisce  is  turned  down  to  such  a  diameter  that  it  may 
slide  with  ease  into  the  stuffing-box  already  described.  A  closed 
space,  ii,  will  then  exist  round  the  rod  cd.  This  space  is  filled 
with  greased  hemp,  as  packing,  or  with  some  other  suitable  ma- 
terial. The  bottom  of  the  gland  is  not  faced  up  flat,  but  concave, 
as  shown :  the  bottom  of  the  stuffing-box  being  similarly  formed 
in  <9rder  to  force  the  packing  against  the  rod  cd\  but  with  some 
kinds  of  packing  this  construction  is  dispensed  with,  flat  &.ces 
being  used.  .  The  packing  is  compressed  by  tightening  up  the 
bolts  e  g,  &C.,  whereby  the  gland  is  forced  into  the  stuffing-box. 
The  ^and,  if  small,  may  be  fixed  in  a  dog-chuck,  and  bored  out 
by  a  side  tool;  but  if  veiy  great  accuracy  is  required  a  smaU 
boring-bar  may  be  used.  For  boring  articles  similar  to  glands, 
the  following  contrivance  is  very  convenient.  A  small  boring-bar 
is  fixed  in  an  ordinary  drilling  machine,  the  boring-bar  being  fiir- 
nished  with  slots,  in  which  cutting  tools  may  be  firmly  fixed; 
This  bar  passes  through  a  circular  aperture  in  the  centre  of  the 
drilling  table,  being  thereby  steadied.    The  work  to  be  bored  is 
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^'^CQTatelj  fixed  upon  the  centre  of  the  drilling  tabloi  the  borings* 
'^  passing  through  its  axis. 

A  proper  boring  tool  being  fitted  to  the  boring-bar,  the  boring 
^  the  work  is  proceeded  with,  the  cutter  being  caused  to  descend 
^  the  boring  proceeds  by  means  of  the  usual  feed-motion  of  the 
drilling  machine. 

In  many  cases  the  stuffing-box  is  lined  with  brass,  and  the  gland 
either  lined  with  brass  or  made  entirely  of  that  metaL 

The  foVegoing  description  of  a  steam-tight  aperture  will  answer 
generally  for  every  case  where  a  rod  is  required  to  work  as  abovei 
DO  matter  whether  it  be  a  piston-rod,  slide-rod,  or  other  similar 
element 

The  next  details  to  be  considered  are  those  referring  to  the  ad* 
mission  of  steam  to  cylinders  of  the  oscillating  class.  We  have 
already  mentioned  that  the  steam  is  admitted  through  one  trun- 
nion, 'and  exhausted  through  the  one  opposite,  and  it  now  remains 
to  describe  the  connection  between  the  trunnion  and  the  steam* 
pipe. 

Two  methods  of  constructing  this  joint  will  be  described.  In 
the  accompanying  Figs.  61  and  52,  deists  portion  of  the  cylinder, 
e  the  steam-band  surrounding  it,  b  the  interior  of  the  trunnion,  h  h 
the  portions  embraced  by  the  trunnion  bearings  whereby  tlie  cylin- 
der  is  supported,  a  a  the  extremity  of  the  steam-pipe.  This  steam* 
pipe  is  at  rest,  while  the  trunMon  oscillates  so  that  it  has  a  circum* 


Fig.  61. 
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ferential  motion  about  the  steam-pipe.  In  Fig.  61  the  joint  is 
made  steam-tight  by  enclosing  the  extremity  of  the  steam-pipe 
within  the  stuffing-box,  as  shown :  it  l)eing  necessary,  in  forming. 
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the  parts,  to  hote  the  tniiuiion  and  gland,  and  to  ti^m  the  ex* 
tremitj  of  the  steam-pipe  so  that  it  shall  fit  accnratelj  the  interior 
of  the  trunnion.  The  arrangement  of  the  Fig.  62  is,  however, 
much  simpler,  and,  we  think,  preferable.  In  this  case  no  gland  is 
used,  but  the  ends  of  the  trunnion  and  steam-pipe  are  &ced,  andf 
rest  in  contact  with  each  other,  the  joint  being  kept  steam-tight  by 
a  ring,  {  i,  let  into  a  recess  in  the  extremity  of  the  steam-pipe. 
By  this  method  the  borixur  of  the  trunnion  and  the  turning  of  the 

The  reader's  attention  will  now  be  called  to  the  fneans  of  ad- 
mitting  steam  to  each  extremity  of  the  cylinder,  and  allowing  of 
its  escape  at  the  termination  of  the  stroke.  It  will  be  necessary 
in  the  first  place  to  consider  what  requires  to  be  done ;  and,  in  the 
next  place,  the  various  means  of  doing  it,  avoiding  however  en- 
qumbering  the  space  at  disposal  with  accounts  of  methods  dis- 
placed by  modem  improvement. 

There  exist  in  the  neighborhood  of  the  cylinder  two  pairs  of 
passages ;  the  first  pair  have  each  one  extremity  communicati]% 
with  the  valve  arrangement^  their  other  extremities  communicating 
with  the  interior  of  the  steam-cylinder, — one  communicating  with 
the  top,  the  other  with  the  bottom  of  the  same.  We  have  also 
the  second  pair  of  passages,— one  cozmects  the  boiler  with  the 
valve  arrangement,  whilst  the  other  connects  the  valve  arrange-^ 
ment  with  the  exhaust, — ^and  what  is  requii^  to  be  done  is  this : 
To  let  the  top  passage  to  the  cylinder  communicate  with  the  boiler 
when  the  bottom  passage  is  open  to  the  exhaust*  and  vice  versd ; 
and  this  has  to  be  done  in  a  peculiar  manner,  in  order  to  cause  the 
engine  to  run  in  the  direction  desired,  and  to  prevent  the  possi- 
bility of  its  reversing  itself. 

It  is  desirable  to  commence  the  description  with  the  simplest 
form  of  valve,  and  thea  to  proceed  by  steps  to  the  more  compli- 
cated.^ Fig.  53  represents  a  section  of  the  steam-ports  and  short 
sHde-valve,  surrounded  by  the  steam-chest,  and  also  a  view  of  the 
back  of  the  valve;  a  i  is  part  of  the  interior  of  the  cylinder,  the 
steam-passages  opening  into  the  cylinder  at  a  and  b\  a;  is  a  portion 
of  the  piston ;  c  and  d  are  the  external  steam-ports,  e  being  a  port 
leading  to  the  exhaust  (for  front  view  of  port  faces  see  Fig.  47); 
upon  the  port  faces  slides  a  box,//,  called  a  short  slide-valve;  the 
box  is  of  such  width  as  to  cover  the  ports,  and  of  such  length  as 
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to  corer  on«  ateam-port  and  exhaiist-port ;  i  i  ia  the  ateam-chest, 
wbich  is  bolted  on  to  the  port  faoes,  and  irithin  vhich  the  alids 


TilTe  naovea.  The  aorfeoeB  of  contact  between  the  slide-valve  and 
the  port  fecea  are  planed  and  very  aconrately  finiahed  by  means 
of  «  planometer,  and  maVing  the  two  snrfiicea  acf  aa  planometers 
to  each  other,  so  that  no  ateam  shall  escape  throagh  the  valva 
The  steam-chext,  ik,  jb  kept  foil  of  steam  b^means  of  a  pipe 
coming  firom  the  boiler,  the  extremity  of  which  ia  shown  at  L 
The  slide-valve  is  moved  by  means  of  a  rod  (A)  pasaing  through  a 
gland  in  the  steam-chest;  h'/'f"  show  a  back-view  of  the  valve. 
Witii  the  valve  ia  the  position  shown  it  is  evident  that  the  stSam 
entering  the  steam-chest  will  pass  through  the  port  d  into  the  bot* 
torn  of  the  oylinder  at  b,  and  t^e  steam  in  the  npper  part  of  the 
i^Uiuler  will  pass  ont  through  the  passage  a  c  into  the  cavity  of 
the  aUde-valve,  and  thence  into  the  exhaost  port  e.  When  the 
nlve  is  moved  into  the  position  shown  by  the  dotted  lines  g  g,  the 
fiiectioD  of  the  steam  will  b^  reversed,  the  steam  in  the  chest  en- 
tering the  npper  part  of  the  cylinder,  whilst  the  steam  in  the  lower 
part  of  the  same  paasea  oat  through  the  valve  into  the  exhaust ' 
The  valve  is  k^  dose  np  to  the  port  &cee  by  the  preasnre  of  the 
■team  acting  at  the  back  of  it,  which  ia  much  in  excess  always  of 
ihe  preBsnre  on  ihe  interior  of  the  valv^  becanse  that  cavity  oon- 
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stantly  communicatee  with  the  exhaaBt-port.  This  valve  is  ex- 
ceediogly  compact,  and  very  generally  used.  In  order  to  insure 
the  motion  of  the  engine  always  in  the  desired  direction,  it  is 
neoessary  that  the  steam-port  should  be  partly  opened  before  the  . 
commencement  of  each  stroke ;  or,  in  other  words,  that  it  should 
be  in  advance  of  the  piston.  This  is  called  giving  the  valve  a 
lead.  In  order  to'  cut  off  the  *  steam  at  an  earlier  period  of  the 
etroke  than  would  ordinarily  be  accomplished  by  the  valve,  ita 
edges  are  made  somewhat  wider  than  the  steam  port&  This  ia 
known  as  giving  the  valve  lap.  • 

Slide-tnilves  of  the  foregoing  form  are  in  some  engines,  such 
as  locomotives,  made  exceedingly  short,  in  order  to  reduce  as  much 
as  possible  the  motion,  or  travel  as  it  is  called,  of  the  valves. 
The  slide-valve  ia  then  frequently  moved  by  a  frame  which  aur- 
■ronndfl  the  box  part  of  the  valve,  having  attached  to  it  rods  which 
pass  out  at  the  ends  of  the  steam-chest.    By  this  arrangement  the 
valve  can  readily  adjust  itself  to  the  pTcssure  which  keeps  ityip 
to  the  port  faces  without  straining  the  valve  rods. 
In  Fig.  54  views  of  the  very  short  slide-valve  are  shown :  a  is 
a  section  of  the  valves,  steam  psa- 
*'     '  sages,  and  chest ;  h,  a  front  eleva- 

tion of  the  ports,  which  are  long 
and  narrow ;  c,  a  front  view  of 
the  slide;  and  d,  the  slide  rod 
and  frame.  It  is  evident  that  with 
these  narrow  ports  a  very  alight 
movement  of  the  valve  is  suffi- 
cient to  open  and  close  them. 

The  next  valve  described  will 
be  a  long  valve,  which  is,  .how- 
ever, in  some  respects^  somewhat 
similar  to  the  foregoing  short 
slide. 

It  may  here    be  mentioned, 

before  proceeding  farther,  that 

the  number  of  pieces  in  which 

the  steam  jackets  are  made  may 

be  determined  from  the  figures  by  observing  the  oocurrenoe  tk 

flanges  whereby  the  various  parts  are  bolted  together. 
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Fig.  56  xepresents  a  section  of  the  slide  mentioiied  above.  It  ia 
a  long  tube ;  a  and  b  are  the  steam-paasagea,  c  is  the  exhaost-port, 
i  is  a  hollcv  in  the  metal  to  lighten  the  cylinder  •  casting,  deJB 
the  slide,//  the  steam  chest,  and  g  the  slide  rod.  With  the  slide 
In  the  positioQ  shown,  it  is  evident  that  the  steam  in  the  chest  will 
.pass  round  the  slide  into  the  bottom  of  the  cylinder  at  b,  and  the 
steam  in  the  Qpper  part  of  the  cylinder  will  pass  through  the 
whole  length  of  the  slide  rod  into  the  ezhattst  e.  When  the  valve 
is  raised  to  the  poution  shown  by  the  dotted  lines,  the  steam  from 
the  chest  will  pass  through  a  into  the  upper  part  of  the  cylinder, 
while  ihe  steam  in  the  lower  part  passes  into  the  valve  and  thenoe 
to  the  exhaust,  the  aperture  at  the  lower  part  of  the  valve  d  being 
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snfficieoitly  wide  to  cover  the  ports  b  and  c.    The  apertures  at  the  ■ 
extremiti^  of  the  slide-valve  are  of  course  rectangular,  which 
form  ia  gradoaUy  changed  to  circular  or  elliptical  in  the  centre 
port  of  the  tube.    The  port  &ce8  are  in  every  case  surfaced  as 
■above  described.    With  this  long  valve  it  is  found  necessary  to 
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bare  a  light  spriog  I,  to  press  it  against  the  port  &cei^  otherrwis^ 
when  the  steam  is  shut  o£^  it  -will  fall  away.  The  slide  jacket  is 
made  of  a  semicircular  or  D  shape,  or  oblong,  as  ahown  at  the 
borizont&l  eection  m,  which  aectioB  ia  formed  by  a  plane  catting 
the  slide  on  the  line  n  n. 

The  next  Talve  to  be  considered  is  the  D  valve^  of  which  riews 
are  ahown,  Pig.  56 ;  this,  like  the  former,  is  a  long  valve. 

In  Fig.  66,  a  and  b  are  the  steam-passagea  to  the  cylinder,  «  and 
d  are  two  D-shaped  slides,  as  shown  in  place  at  f,  these  slides 
being  connected  by  a  hollow  pipe;  c  d  e  is  ,the  .exhanst  pipe, 
which,  contrary  to  those  already  described,  is  independent  of  the 
cylinder,  proceeding  from  the  ateam-chest    The  D-ahape  valves 

rig.  66. 


are  accurately  fitted  to  the  steam-jacket,  wfaioh  is  tmly  shaped  up, 
being  r^idered  steam-tight  at  the  book  or  convex  port  by  metal 
slips  pressed  against  the  steam-jacket  by  springs ;  these  slips  being, 
shown  at  the  elevation  g,  and  at  the  enlarged  aeotton  k.    Th« 


DmiLS  OF  snAM-SKGINXS. 


129 


slides  are  mored  by  &  rod  h,  attached  to  a  log  od  the  front  part  of 
the  upper  valve.  The  steam  is  admitted  between  the  D-shaped 
alidc^  and  in  the  position  shown  it  ia  evidentlj  passing  throngb 
the  passage  b ;  the  steam  in  the  upper  part  of  the  cylinder  is  pass- 
ing into  the  steam-jaoke^  thence  through  the  tube  ctJ  to  the  ex- 
batist  pipe  &  If  the  slides  be  now  caused  to  rise  above  the  ports, 
as  shown  by  the  dotted  lines,  then  it  is  evident  that  the  steam  will 
flow  into  the  oylinder  at  a,  and  out  of  the  bottom  of  the  cylinder 
at  b  into  the  exhaust. 
Fif.  67. 


It  is  not  absolutely  necessary  in  this  form  of  valve  to  make  flia 
Bteam-jacket  continuous,  but  it  may  be  made  in  two  port^  as  shown, 
Fig.  57;  the  tube  connecting  the  slides  being  carried  through 
etoffing-bozea,  in  each  of  the  short  steam-jackets.  The  steam  ia 
admitted  to  the  inner  end  of  each  steam-jacket,  that  is  to  say,  to 
the  parts  nearest  c  d  in  Fig.  68.  In  ike  position  shown,  the 
gteam  is  passing  into  the  bottom  of  the  cylinder,  and  oat  of  the 
9 
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upper  part  of  the  cylinder,  tWoagh  the  ooaneoting  tuhe  i&t9  th^ 
lower  jacket,  and  thence  into  the  exhaust  pipe. 

Fig.  58  reppesenta  a  very  ingenious  form  of  long  ralve.  The 
valves  consist  of  two  round  slides  or  pistoos,  fitted  with  packing 
rings,  pressed  outwards  with  springs.  The  steam  is  admitted  at  4 
between  the  alidoB,  and  around  the  valve  jacket  at  each  end  ia  A 
oaaingoommunicatiDg  with  the  exhaust,  and  also,  nearer  the  centre 
of  the  jacket,  there  are  circular  passages,  aa,  bh,  eommnnicating 
with  the  steam-ports  a  and  b.  Diagonal  slits  e  c,  open  a  oommuni-: 
cation  between  the  steam-porta  and  the  interior  of  the  ateam-jacket. 
In  the  position  shown  in  the  figure  it  is  evident  that  the  steam  ad- 
mitted at  ff  is  passing  through  the  lower  set  of  diagonal  slite  into 
the  steam  passage  b,  whilst  the  steam  in  the  upper  part  of  the 
cylinder  is  passing  from  the  passage  a  a  through  the  upper  aeries 
of  slits,  and  out  at  the  end  of  the  steam  jacket  If  the  valves  be 
moved  up  past  the  diagonal  slits,  the  direction  of  the  steam  will  be 
reversed.  * 

In  some  instances  two  sets  of  valves  are  used,  one  for  the  steam 
and  one  for  the  exhaust,  and  in  this  arraiTgeiAent  the  ports  at  top 
and  bottom  are  worked  by  distinct  slides,  four  slides  being  alto- 
gether required.  These  slides  consist  of  flat  plates  accurately  sur- 
faced to  fit  the  port  faces,  and  by  having  the  exhaust  and  steam 
slides  separate,  they  may  be  manipulated  independently  of  ea^ 
other,  which  afi^rds  great  facilities  foi:  r^;ulating  to  &  nicely  ibe 


admis^on  and  exbausUon  of  the  steam.    As  the  steam  and  exbanst- 
ports  require  a  somewhat  different  arrangement  in  order  that  the 
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prcMore  of  the  steam  may  keep  the  slidea  agsinst  the  fitcee  oo 
which  thej  vrotk,  ve  give  two  sketclies  of  the  arrangement  of 
(heae  Blidea. 

Id  ^g.  59  the  eeotion  e  repreaents  one  of  the  steam  slides,  and 
/  one  of  the  exhaust  slidea.    In  the  f^_  ^^ 

former,  t  is  the  steam-pipe^  <  the  slide, 
e  the  upper  steam  passage,  and  b  the 
port  iaoe ;  at  m  the  steam  pipe  ia  con- 
tiaaed  to  sat^ly  the  lower  valve;  aa 
ahown,  the  valve  is  closed.  At  /  the 
exhaust  slide,  0  is  the  apper  ezhansi 
peasage^  a  the  slide  valve,  b  the  port 
faoe,  X  the  exhaust  pip^  and  y  a  pipe  commnnioatiog  with  the 
loww  valve. 

FrtHn  these  illustiationa  we  see  that  the  ^  si. 

valves  are  so  arranged    that    the   greatest    « 
preaaure  npoa  them  is  on  the  sde  opposite 
the  port  face. 

We  will  now  o&II  aftention  to  some  loco- 
motive slides.  The  slide  valves  for  the  two 
cyHnders,  shown  Fig.  60,  are  placed  on 
vertic^  fkoas  in  a  single  steam-chest  Iwtween 
the  pair  of  oylindere.  One  slide  has  a  plate, 
d,  cast  or  bolted  on  its  hack,  and  planed  to 
aoeorate  parallelism  with  tlie  voiking  face. 
The  other  slide  has  an  open  box  east  npoa 
its  back  to  receive  a  piston,  /,  having  an 
upper  or  end  bca,  also  planed  parallel  to  the 
end  &Ga.  The  piston  ia  fitted  steam-tight  in 
its  cylinder  or  box,  and  its  planed  top  bears 
steam-tight  against  the  &ce  of  the  plate  d,  in 
working.  By-this  arrangement  the  slides  are 
relieved  from  one  half  the  steam-pressnre : 
and  to  assist  the  free  exhaust,  a  port,  g,  la  c 
formed  ia  the  back  plate,  d,  of  one  of  the 
*sli(iefl,  to  allow  the  steam  an  additional  exit  through  the  exhaust- 
port  of  the  «^»pestte  valva  The  other  parts  of  this  valve  are  as 
osoal  Variona  kinds  (rf  valves  called  equilibrium  valves, 'have 
from  lime  to  time  been  produced,  and  one  example  of  the  class  is 
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shonii  in  Fig.  61.  a  h,  and  c  c^  are  the  steam-passages,  e  the  valve, 
k  k  the  steam-chest,  tn  the  eshaust-pipe.  The  slide  valve  works 
accuratelj  between  the  port  &ce  and  the  interior  of  the  steam- 
chest;  it  is  kept  steam-tight  by  packing  rings  on  the  surface// 
which  are  pressed  against  the  interior  of  the  steam-chest  bj  springs 
at  the  back.  All  the  working  ffices  must  of  course  be  accurately 
snr&ced.  In  the  position  in  which  the  valve  is  shown,  it  is  evident 
that  steam  is  entering  the  upper  steam-passage  and  leaving  the 
lower  one,  passing  straight  through  Aie  valve  into  the'ezhanst- 
pipe  m.  On  raising  the  valve  the  direction  of  the  steam  will  be 
reversed.  This  valve  is  evidently  in  equilibrio,  as  the  steam- 
pressure  affecting  it  equally  in  both  directions,  will  not  exert  any 
action  upon  it. 

There  is  another  kind  of  equilibrium 
^8-  82.  valve  which,  olthough^derived  from  the 

common  short  valve,  is  in  principle  al- 
most identical  with  the  long  D  valve.  A 
section  of  it  is  shown,  Fig.  62.  a  and  6 
are  the  steam  passages,  c  the  valve,  hav- 
ing a  cavity  corresponding  to  that  of  the 
short  slide,  bat  having  at  its  back  a 
semi-cylindrical  tube,  packed  to  fit  the 
steam-chest  perfectly  tight.  la  this 
valve  the  steam,  when  being  admitted  to 
the  upper  port,  passes  direct  hoja  the 
steam-pipe  a  to  that  port,  vhile^he  ateam 
from  the  lower  end  of  the  cylinder  passes 
ont  through  the  cavity  o  of  the  valve. 
1^  When  the  valve  rises,  the  Steam  traverses 
\af  its  length  and  passes  into  the  bottom  port ; 
"^  the  steam  in  the  upper  part  of  the  cylin- 
der then  exhausting  through  the  cavity  c 
e  is  a  plan  of  the  valve,  and/a  section  of 
the  same.    On  the  line  c  d. 

Before  taking  leave  of  the  subject  of 
slide  valves  it  will  be  necessary  to  pay 
some  attention  to  those  used  for  double- 
cylinder  engines.    And  in  the  first  place^  the  direction  of  the  steam 
must  be  carefully  observed.    It  may  be  best  explained  by  meauB 
of  a  diagram. 


^ 
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In  Fig.  68  two  cylinders  are  showTi,  fitted  with  pistons,  and  of 
these  cylinders  a  is  much  smaller  than  b.  It  is  evident  that  if 
high-pressure  staem  be  used  in  a,  and  after  one  stroke  of  the  piston 
has  been  made,  a  communication  be  opened  with  one  extremity  of 
the  large  cylinder,  the  steam  will  pass  out  of  the  small  cylinder 
into  the  large  one,  because  it  may  thereby  expand,  and  in  so  doing 
it  will  impel  the  piston  in  the  large  cylinder.    The  advantage 

Fig.  63. 


gained  is  this :  that  after  the  steam  has  done  all  the  work  of  which 
it  is  capable  in  the  small  cylinder,  it  does  work  in  the  large  cylin- 
der, equivalent  to  the  traverse  of  the  large  piston  multiplied  by 
the  mean  pressure  in  the  large  cylinder,  and  by  the  di£Eerence 
between  the  areas  of  the  two  pistons. 

Let  it  be  required  to  construct  port  faces  and  a  valve  of  such 
form  that  the  steam  may  run  as  follows : — ^first,  sai/f  into  the  upper 
part  of  the  small  cylinder,  that  is  to  say,  into  the  firont  end  c,  thence 
into  the  end  d  of  the  large  cylinder,  and  finally  &om  thence  into 
the  ezha«8t  Then  the  steam  which  passes  into  the  end  e  of  the 
small  cylinder,  will  pass  thence  into  the  end  /  of  the  large  one, 
and  then($e  into  the  exhaust.  The  valve  arrangement  required  is 
shown  (Fig.  64) :  a  and  b  are  the  ports  to  the  large  cylinder,  c  and 
d  those  to  the  small  one,  e  the  steam-port,  and  /  the  exhaust*port 
The  valve  consists  of  a  rectangular  block  of  metal,  kept  upon  the 
port  &ces  by  rollers  acted  upon  by  springs,  and  in  this  rectangular 
block  or  valve  certain  recesses  and  passages  are  cut  or  cast ;  t  and 
/are  recesses  similar  to  those  in  small  slide  valves,  ihd  i  {  is  a 
long  passage  similar  to  that  in  the  long  valve.  In  the  position 
shown  in  the  figure,  the  movement  of  the  steam  is  as  follows. 
From  the  steam-port  e  the  steam  is  passing  through  the  recess/ 
into  the  lower  port  c  of  the  small  cylinder ;  the  steam  in  the  tipper 
port  of  the  small  cylinder  is  passing  from  the  port  d,  through  the 
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long  passage  k  I  into  the  front  part  of  the  large  cjliader,  and  the 
steam  in  the  lower  part  of  the  same  is  passing  from  the  port  b, 
through  the  recess  ij  into  the  exhaust-port  /«  If  the  slide  be  now 
moyed  forward  the  steam  will  then  pass  from  the  steam-port  e 
through  the  recess/,  into  the  port  d;  from  the  port  c,  through  i^ 

m 

Fig.  64. 


into  the  port  I,  and  from  the  port  a  into  the  extremi^  I  of  the 
long  passage  and  out  at  the  exhaust/.  It  cannot  pass  out  at  the 
end  k  of  the  passage,  as  that  will  be  dosed  by  contact  with  the 
part  m  of  the  port  &ce.  n  is  the  slide  rod ;  ^  A  is  a  front  view  of 
the  slide  valve.  There  are  many  varieties  of  slides  for  double- 
cylinder  engines,  some  of  which  exhibit  great  ingenuity,  but.  the 
forgoing  example  may  be  regarded  as  a  type  of  most  of  them, 
wherefore  we  shall  now  take  leave  of  this  subject. 

The  next  part  of  the  cylinder  apparatus  which  strikes  the 
observer's  eye,  is,  when  such  is  used,  the  expansive  valve ;  the 
object  of  which  is  to  supply  a  means  of  cutting  off  the  steam  from 
the  pj^linder  at  any  part  of  the  stroke  of  the  piston,  independently 
of  the  aetion  of  the  slide  valve.  These  valVes  are  usually  of 
simple  construction,  and  Fig.  65  exhibits  a  section  of  one  form  of 
expansion  valve.  Let  a  5  be  the  slide-valve  jacket  or  steam  chest 
within  which  the  slide  valve  performs  its  usual  duty.  The  steam 
is  not  admitted  direct  to  this  chest,  but  to  another  one,  c  d,  placed 
at  the.  back  of  it.  e  f  is  sl  flat  plate  of  metal,  accurately  sur&ced 
and  fitted  to  the  back  of  t]ie  slide  jacket,  in  which'  three,  or  more 
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or  lesa,  as  the  case  may  be,  longitadinal  slits  are  made,  iin  equal 

Dumber  of  slits  being  made  ki  the  plata  e/,  and  bo  disposed  Uiat 

in  me  positioii  thej  coincide  with  the  ports  in 

the  baok  of  the  slide  jacket    It  is  evident  that  ''*''  ^^' 

while  the  expansion  valve,  as  it  is  called  («/), 

IB  in  the  one  position  mentioned  above,  steam 

Till  be  freelj  admitted  to  the  cylinder;  but  ft 

alight  movement  wiH  cot  it  off,  and  the  narrower 

the  slits  the  more  soddenly  may  the  steam  com- 

mDnioatioQ  be  closed.    This  motion  is  imparted 

to  the  valve  sometimes  bj  an  eccentric,  but  more 

generally  by  a  cam,  as  will  hereafter  be  ex- 

plained.    When  the  slits  are  very  numerous  the 

valve  is  called  a  gridiron  valve. 

While  on  the  subject  of  sliding  valves,  we 
may  mention  that  all  the  flat  surfaces  must  be 
tndy  planed  and  scraped,  after  wbioh  operation 
th^  will  present  a  mottled  or  patchy  i^pearanoe,  being  a  very 
near  approach  to  a  true  plane,  but  consisting  in  reality  of  small 
irregular  hollows  and  ridges.  When  the  sur- 
iaoe  is  planed  only,  it  consists  of  numerous  Vig.  ss. 

grooves  and  finrowB,  but  approaches  moat  nearly 
to  an  accurate  plane  when  it  is  truly  ground 
with  very  fine  grounding  powder,  the  operation, 
however,  being  so  inconvenient  that  it  is  not 
practised  for  fiat  work.  Afler  the  slides  have 
been  in  nse  for  some  time,  they  present  on  their 
enr&oes  a  bright  appearance,  exercising  also  ft 
chromatic  effect  probably  dne  to  thin  layers  of  LAJ^ 

oxide  on  the  surface  of  the  metal  polished  by 
friction.     In  fitting  np  the  valves  great  care, 
must  be  taken  tha^  when  finally  set  in  position         K      Ifj 
they  are  perfectly  free  from  any  kind  of  grit  or 
dirt,  otherwise  the  faces  will  be  injured. 

It  sometimes  occurs  that  water  collects  in  the  cylinder,  and  as  it 
cannot  be  readily  expelled  through  the  ports,  it  is  necessary  to  pro- 
vide some  special  means  of  exiL  For  this  purpose  a  valve  of  the 
form  shown  (Fig.  66)  is  frequently  used.    It  consists  of  a  plain 
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oonioal  valve;  with  a  spindle  working  in  guides  or  with  a  stalk. 
It  is  kept  in  its  seat  by  the  action  of  a  spring.  The  apparatus  may 
be  screwed  into  the  cylinder  cover,  or  otherwise  be  made  to  com- 
municate with  it.  If  any  water  accumulate  in  the  cylinder,  the 
piston  will,  at  the  termination  of  its  stroke,  force  it  out  through 
the  valve,  a  represents  a  section  of  a  valve  and  seat,  suited  to  be 
screwed  on  to  a  cylinder  cover.  The  valve  is  furnished  with  a 
spindle  moving  in  guides,  b  and  c  exhibit  an  elevation  and  bot- 
tom plan  of  a  stalk  valve  removed  from  its  seating. 

There  is  yet  another  kind  of  fitting  which  demands  our  atten- 
tion in  connection  with  the  cylinder ;.  it  is  a  greascK^ock,  the  object 
being  to  supply  lubricating  material  to  the  internal  parts  of  the 
apparatus  while  it  is  at  work.  We  show  at  Pig.  67  sections  of 
two  forms  of  grease-cock,  both  intended  to  be  screwed  into  the 
cylinder  or  other  part  where  they  may  be  required.  In  the  sec- 
Pig.  67. 


tion  a  the  lubricating  material  is  poured  into  the  cup  b,  then  by 
turning  the  stop-cock  between  b  and  c,  the  grease  flows  into  the  re- 
servoir c.  This  cock  is  then  closed,  and  the  lower  one  opened, 
when  the  grease  will  flow  into  the  vessel  to  be  lubricated.  At  e  is 
shown  a  class  of  grease-cock  suitable  for  low  pressure  or  condens- 
ing engines.  The  cup  is  closed  at  the  bottom  with  a  valve,  capa- 
ble of  being  raised  by  a  screw  on  turning  the  handle  shown  in  the 
section.  The  method  of  using  it  is  as  follows :  when  the  piston 
is  receding  from  the  grease-cock,  and  there  is  consequently  a 
vacuum  formed  beneath  the  latter,  the  valve  is  opened,  upon  which 
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t2ia  pressure  of  the  atmosphere  foroes  a  portion  of  the  lubricating 
znaterutl  into  the  cylinder. 

The  cylinder  is  fitted  also  with  acock  for  blowing  the  steam 
throii^H  both  ends  at  once. 

No^w  tl^t  we  have  described  the  form  and  construction  cf  the 
cylinder,  and  those  parts  which  are  attached  to  it»  we  will  pass  on 
to  the  neoLt  class  of  general  elements. 


I 


CHAPTER  Xm. 

ON  THE  DBTAILS  OF  STEAM-ENGINES-— (Con/thuecQ. 

PiaUms,  Bock,  Beams,  Chvemors,  Jkc^  Jkc. 

The  steam-ojlinder  having  been  fully  discussed,  with  its  ex- 
ternal appendageEfy  it  is  necessary  to  examine  its  interior  mechan- 
ism ;  the  first  and  most  important  part  of  which  is  the  piston,  upon 
which  the  steam  acts  directly,  and  to  which  it  communicates  its 
energy.  It  is  evidently  very  necessary  to  exercise  much  care  and 
ingenuity  in  order  to  obtain  a  satisfisustory  result ;  the  requirements 
being  that  the  piston  shall  fit  the  cylinder  as  nearly  as  possible  air 
and  steam-tight,  that  it  shall  be  as  durable  as  possible,  and  move 
with  the  least  possible  amount  of  friction.  With  the  metallio 
packing  now  exclusively  used,  results  in  practice  very  satis&ctory, 
fiilfiUing  as  nearly  as  possible  the  above  requirements,  have  been 
arrived  at»  the  leakage  being  equal  to  an  apertule  about  the  five- 
thousandth  of  an  inch  in  width. 

It  is  advisable  to  commence  the  description  with  the  simplest 
form  of  piston,  observing,  however,  previously,  that  the  aperture 
in  the  centre  of  the  piston  is  intended  to  receive  the  piston  rod. 

Fig.  68,  a  i,  and  the  following  sketches,  show  views  of  a  simple 
form  of  piston.  '  The  first  view  is  an  elevation,  the  second  a  section, 
and  the  third  a  plan,  a  &  are  the  top  and  bottom  surfaces  of  the 
piston,  9  A  a  cut  packing  ring,  c  (2  a  tongue  piece,  to  prevent  the 
leakage  of  steam  where  the  packing  ring  is  cut  throygh ;  e'f  in 
the  section  and  plan  show  the  body  of  the  piston,  %  j  the  junk 
.  ring,  and  the  aperture  for  the  extremity  of  the  piston  rod.  The 
junk  ring  has  for  its  office  to  hold  the  packing  ring  in  position, 
and  it  is  attached  to  the  body  of  the  piston  by  means  of  bolts. 
The  plan  is  taken  with  the  junk  ring  removed,  in  order  to  show 
the  packing  ring  in  plan.    It  will  be  observed  that  this  packin^j 
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rin^  18  not  conoentric,  that  is  to  say,  it  is  not  of  equal  thi^knesd 
throughout^  being  made  thinnest  at  the  point  where  it  is  out 
through,  and  increasing  in  thickness  both  ways  to  a  point  diamet« 
rically  opposite,  the  object  being  that  the  packing  ring  may  press 
equally  upon  the  cylinder  at  every  part  of  its  periphery.  This 
ring  is  usually  made  of  cast-iron,  which  exhibits  a  very  uniform 
elasticity.  The  description  of  ttke  piston  being  completed,  it  is 
necessary  to  explain  the  method  of  manufacturing  it. 


Fig.  S8. 


71 


The  first  step  should  consist  in  boring  out  the  aperture  Ik,  after 
which  a  rod  may  be  fittei  into  it }  then  the  piston  is,  by  means  of 
this  rod,  suspended  between  the  lathe  centres,  and  its  body  is  ac- 
curately turned,  and  drilled  and  tapped  to  receive  the  junk  ring 
bolts.    The  upper  sur&ce  of  the  flange  of  the  piston  being  scraped 
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and  faced  to  fit  the  packing  ring,  and  the  lower  surface  of  the  junk 
ring  being  treated  in  a  similar  manner,  the  upper  and  lower  edges 
of  the  tongue  pieoe  are  also  fitted  by  scraping  to  the  surfaces  with 
which  they  are  in  contact.  There  are  two  ways  of  making  the 
packing  ring ;  it  may  be  turned  in  the  lathe  tOs  a  diameter  a  little 
greater  than  that  of  the  cylinder,  when  the  following  means  will  be 
required  to  introduce  it  into  the^same.  An  iron  hoop,  cut  on  one 
side  and  furnished  with  lugs,  as  shown  at  m,  is  placed  around  the 
piston  so  as  to  embrace  about  half  the  depth  of  the  packing  ring; 
as  shown  by  the  dotted  lines  at  g  h.  It  is  then  screwed  up  by 
means  of  the  bolt  and  nut  shown  at  n,  until  the  packing  ring  is 
sufficiently  compressed  to  partly  enter  the  cylinder ;  the  ring  m 
may  then  be  removed,  as  it  is  evident  that  the  cylinder  embracing 
the  packing  ring  will  effectually  prevent  its  expansion.  The 
piston  may  then  be  forced  completely  into  the  cylinder.  A  method 
used  occasionally,  consists  in  turning  the  ring  accurately  to  the 
diameter  of  the  cylinder,  then  hammering  it  on  the  internal  periph* 
ery,  to  render  it  hard  and  elastic,  and  to  impart  to  it  a  sufficient 
degree  of  tension,  so  that  when  it  is  subsequently  cut,  it  may  ex- 
pand and  press  against  the  sides  of  the  cylinder.  This  ring  must 
of  course  be  inserted  in  the  same  manner  as  the  last. 

The  above  may  be  considered  a  general  description  of  the  most 
ordinary  kind  of  piston.  It  will  be  necessary  next  to  describe 
some  varieties  of  steam-pistons.  The  first  approaches  very  nearly 
,  in  principle  to  that  already  described ;  it  is  furnished  with  a  cut 
ring  precisely  similar  to  that  already  described,  but  this  ring  does 
not  press  immediately  upon  the  internal  surface  of  the  cylinder, 
but  it  acts  upon  rings  external  to  it,  which  are  thus  urged  against 
the  interior  of  the  cylinder.  These  outer  rings  are  usually  made 
in  three  or  more  segments,  so  as  to  adapt  themselves  as  nearlj  as 
possible  to  the  form  and  variations  of  form  of  the  cylinder.  la 
the  construction  of  this  piston,  the  method  followed  is  similar  to 
that  already  detailed,  which  may,  in  &ct,  be  regarded  as  the  gen- 
eral method  of  constructing  steam-pistons,  the  modifications  in 
each  case  being  obvious. 

Large  pistons  are  not  constructed  wMi  solid  bodies,  but  they 
are  hollowed  out,  presenting  in  horizontal  section  the  appeanmce 
of  a  wheel,  as  it  consists  of  a  boss  through  which  the  extramify  of 
ibd  piston  rod  passea^  which  boss  is  connected  with  the  periphery 
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of  the  piston  by  means  of  plates,  top  and  bottom,  and  arms  which 
mn  from  the  boss  to  the  periphery. 

Among  the  means  which  have  from  time  to  time  been  proposed 
for  packing  pistons,  the  action  of  a  great  variety  has  been  made 
to  depend  npon  the  action  of  spiral  springs,  which  press  outwards 
from  the  boss  of  the  piston  to  the  periphery ;  in  the  form  these 
springs  are  caused  to  act  upon  wedges,  which  being  urged  out- 
wards, tend  to  force  apart  the  segments.  The  accompanying 
Fig.  69,  will  give  some.idea  of  the.  arrangement  of  a  piston  upon 


ibis  principle :  a  is  the  aperture  in  the  boss  of  the  piston,  through 
which  the  extremity  of  the  piston  rod  passes,  and  in  which  it  is 
secured.  This  boss  is  connected  with  the  periphery  of  the  piston, 
and  with  the  bottom  of  the  same  by  the  arms  bb;  c c cc  are  four 
stopa,  against  which  the  extremities  of  the  spiral  springs  abut ;  the 
springs  dddd are  guided  by  rods  passing  through  their  axes  for  a 
portion  <^  their  length ;  the  springs  act  upon  wedges  eeee^  which, 
*in  being  pressed  outwards,  necessarily  tend  to  separate  the  fi)ur 
segments  into  which  the  external  packing  ring  is  divided.  This 
piston  has  not  come  into  general  use,  being  attended  with  many 
disadvantages,  one  of  which  is  to  wear  the  cylinder  irregularly. 
They  are  also  inconvenient  on  account  of  their  complicated  form. 

Batons  are  not  unfrequently  packed  with  large  out  rings,  or 
segments,  which  are  urgjsd  against  the  cylinder  by  small  blade- 
springs,  placed  between  the  body  of  the  piston  and  the  packing 
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iring.  In  some  cases,  these  springs  liave  been  supported  by  arm? 
proceeding  from  the  centre  of  the  piston  instead  of  abutting  against 
the  periphery,  which  periphery  is,  in  the  present  case^  dispensed 
with.  The  arrangement,  of  this  piston  is  the  shown  Fig.  70 ;  a  is,  as 
before,  the  aperture  for  the  piston-rod,  i  c  <2  a  cut  packing  ring,  eeee 
four  arms,  which  serve  a  double  purpose,  connecting  the  boss  with 
the  top  and  bottom  of  the  piston,  and  carrying  at  their  extremities 
the  blade-springs////.  These  springs  press  outwards  against  the 
cut  ring  a  be,  which  is  cut  at  b;  these  springs  may,  by  sot  screwsv 
be  adjusted  to  exert  any  required  pressure  upon  the  packing  ring. 
This  arrangement  appears,  however,  too  fanciful  for  practical 
purposes,  and  it  has  not  come  into  general  use. 

Another  form  of  piston  has  been  proposed,  which  is  /shown, 
Fig.  71.    This  is  ftirnished  with  a  cut  ring ;  a  is  the  aperture  for 
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the  piston  rod,  bbbb  sue  arms^  c c c c  is  an  elastic  ring,  which  ia 
distorted,  as  shown  by  the  set  screws,  which  set  screws  working  in 
nuts  attached  to  the  ring,  abut  at  their  farther  extremities  upon 
the  cut  ring,  and  as  the  distorted  elastic  ring  tends  to  regain  its' 
circular  form,  the  set  screws  are  pressed  against  the  packing  ring. 
This  piston,  like  the  previous  one,  possesses  the  disadvantage  of 
being  complicated. 

In  another  form  of  piston,  an  elastic  ring  is  also  used,  but  im 
this  case  it  is  compressed  by  one  set  screw  only.  None  of  these 
forms,  however,  have,  as  yet,  superseded  the  first  piston  which  w^ 
described. 

.Before  tating  leave  of  the  subject  of  steam-pistons,  we  roust 
call  the  reader^s  attention  to  the  section  shown,  Fig.  72 :  abe  are 
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Hxree  cat  nnga^  prdciflely  Bimilar  in  their  mode  of  action  to  tbe 
ordinary  ring  deacribed  at  the  commencement  of  the  chapter,  d  is 


Fig.  72. 
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the  aperture  in  which  the  piston  rod  is  fixed,  t  e  show  the  general 
body  of  the  piston ;  the  packing  nngs  are  made  very  narrow, 
about  a  quarter  of  an  inch  wide,  several  of  them  being  used. 
These  rings  are  each  placed  in  a  separate  groove.  This  piston  is 
certainly  the  most  simple  in  construction  that  we  have  yet  seen ;  it 
has  been  applied  with  considerable  success  to  locomotive  engines. 

The  next  element*  to  be  considered  is  the  piston  rod,  which,  how- 
ever, from  the  extreme  simplicity  of  its  form,  will  require  but  a 
short  notice ;  it  is  usually  made  of  wrought-iron,  and  accurately 
turned. in  the  lathe.    To  the  top  of  this  piston  rod  various  kinds 


Fig.  73. 


•or  w 


1^ 


of  cross-heads  are  attached,  aooording  to  the  class  of  engine  for 
which  it  is  designed. 

To  calculate  the  diameter  of  the  piston  rod,  we  have  the  follow- 
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•  

ing  formula.  Let  p  be  the  maximum  pressure  of  steam  per  square 
inch,  d,  diameter  of  cylinder  in  inches,  D,  diameter  of  piston  rod 
in  inches ;  then 

For  low-pressure  engines,  where  the  total  pressure  does  not 
exceed  30  lbs.  per  square  inch,  the  diameter  of  the  piston  rod  may 
be  made  equal  to  one-tenth  that  of  the  cylinder. 

It  now  remains  to  describe  the  various  kinds  of  cross-heads  com- 
monly used  with  the  piston  rods  of  steam-engines.  Some  of  these 
are  shown  in  Fig.  73.  A  B  are  elevations  of  a  cross-head  com- 
monly used  when  the  piston  rod  is  immediately  jointed  to  the 
connecting  rod.  In  the  sketches,  a  shows  the  extremity  of  the 
piston  rod,  which  is  passed  into  the  tubular  part,  c,  of  the  cross- 
head,  where  it  is  firmly  fixed ;  above  this,  the  cross-head  is  forked, 
in  order  td  admit  the  extremity  of  the  connecting  rod,  and  the 
forked  ends  have  cylindrical  apertures,  (,  bored  through  them  to 
receive  the  pin,  which  joins  the  piston  rod  to  the  connecting  rod. 
0  and  D  are  elevations  of  a  cross- head  used  with  beam  engines ; 
the  part  c  is  perforated  and  traversed  by  the  extremity  of  the 
piston  rod,  h;  a  a  ar6  gudgeons,  which  carry  the  extremities  of 
links  connecting  the  piston  rod  with  the  main  beam.  When 
no  links  are  used,  as  in  the  case  of  the  half-beam  engine,  either 
the  end  of  the  beam  or  the  cross-head  may  be  forked,  a  movable 
pin  being  used. 

At' Fig.  74,  A  is  an  elevation  of  a  cross-head  used  for  side-lever 
engines ;  a  is  the  extremity  of  the  piston  rod,  which  is  passed  into 
the  perforation,  h,  of  the  cross-head ;  c  c  are  the  two  arms  of  the 
cross-head,  and  d  d  two  gudgeons  which  carry  the  extremities  of 
links,  which  descend  to  the  side  levers  or  beams  placed  upon  each 
side  of  the  steam-cylinder.  0  and  D  show  two  kinds  of  cross- 
heads  used  when  the  piston  rod  is  jointed  direct  on  to  the  crank, 
as  is  the  case  in  oscillating  en^nes.  a  is  the  piston  rod,  h  the  ■ 
perforated  part  of  the  cross-head  c  and  d^  plummer-block  and  cap 
of  the  cross-head,  e  aperture  for  crank-pin,  which  is  surrounded* 
by  brass  bearings  as  shown.  The  cross-heads  aie  joined,  where 
necessary,  by  bolts.  The  plummer-block  and  cap  of  C  are  fte- 
quently  made  of  gun-metal,  when  no  brass  bearings  will  be 
required. 
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In  the  former  figure^  C  is  very  similar  to  a  kind  of  croes-liead 
nsed  in  some  IdndQ  of  locomotive  and  other  engines.  The  square 
part  of  ihe  cross-head  is  provided  with  small  ridges  or  guides,  as 
shown  hy  ibe  dotted  lines,  parallel  to  the  piston  rod ;  this  block 
moves  between  accurately  formed  guides,  and  the  protruding 
joumaLs,  a  a,  carry  the  ends  of  a  forked  connecting  rod.    This 


crosB-Iiead  is  sometimes  placed  at  the  extremity  of  the  piston 
rod,  and  sometimes  elsewhere ;  the  square  part  is  called  the  guide* 

block. 

« 

The  cross-head  shown  at  a  generally  has  the  connecting-rod  pin 
prolonged,  guiding  blocks  being  carried  at  its  extremities,  which 
•move  between  suitable  guides. 

These  are  the  general  forms  of  cross-heads,  and  with  regard  to 
Iheir  construction,  we  may  make  the  following  brief  remarks. 
Whenever  it  is  convenient,  they  should  be  of  wrought-iron,  and 
all  the  round  parts  must  be  turned,  the  flat  ones  planed,  and  the 
beazings,  whether  sliding  or  revolving,  accurately  fitted  to  each 
other,  by  scraping  in  the  usual  manner.  Those  parts  which  are 
10  « 
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of  irregular  form  must  be  brought  up  to  a  bright  sur&cey  by 
means  of  files  of  suitable  forms. 

Having  completed  the  descriptions  of  cross-heads,  connecting 
rods  and  paraUel-motion  links  will  next  occupy  our  attention. 
We  will  first  describe  the  former  class  of  elements. 

A;  Fig.  76;  shows  a  form  of  connecting  rod,  commonly  used  for 
endues,  where  the  piston  rod  is  joined  on  to  the  connecting  rod ; 
it  consists  of  a  spindle  a,  having  at  each  end  bearings  b  b,  retained 
in  position  by  straps  fi^ed  by  wedges  and  keys  passing  through 
them,  and  tlurough  the  extremities  of  the  spindle.  Of  these  straps 
and  bearings  we  will,  however,  speak  subsequently.  B  shows  a 
connecting  rod  of  the  forked  description,  as  used  with  the  single 
guide-block.  This  is  also  furnished  with  bearings  similar  to  those 
last  described. 


0  shows  an  elevation  of  a  connecting  rod,  frequently  us^  for 
beam  engines ;  it  is  broken  off  to  save  length,  the  upper  and  lower 
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extremitiea  only  being  shown*  a  is  a  round  spindle  for  wrought- 
iron,  but  of  an  x  section  as  shown,  bj  the  dotted  lines  for  east- 
iron.  At  ft  ft  are  two  bearings,  similar  to  those  already  mentioned, 
which  embrace  the  journals  of  a  pin  in  the  mainbeam ;  c  is  the 
crank-pin  bearing,  and  is  of  peculiar  form,  presently  to  be 
described.  D  shows  bearings  of  the  first  class,  a  being  the  end  of 
the  connecting  rod,  ft  the  straps,  c/  elevation  and  plan  of  brass 
bearings.  £  shows  the  second  kind  of  bearing  as  mentioned  in 
connection  with  the  beam-engine  connecting  rod;  a  is  the  ex- 
tremity of  the  connecting  rod,  into  which  bearings  ft  and  e  are 
placed,  after  which  they  are  passed  over  the  crank  pin,  and  tight- 
ened up  by  the  wedge  dotted  at  a. 

With  regard  to  the  construction  of  connecting  rods,  there  is  but. 
little  to  be  said.  Wrought-iron  is  the  best  material  to  use  for 
their  formation.  The  parts  may  be  wrought  in  the  same  manner 
as  that  described  for  the  cross-heads ;  all  the  bearings  should  be  of 
brass  or  gun-metal,  and  must  be  accurately  fitted  to  the  gudgeons 
on  which  they  play.  The  method  of  connecting  them  to  the  other 
elements  will  be  mentioned  hereafter. 

We  have  now  to  consider  the  construction  of  links  for  parallel 
motions,  &c.  Many  of  them  are  precisely  similar  in 
general  form  to  those  already  described ;  some  have, 
however,  different  forms,  as  shown,  Fig.  76.  a  may 
be  said  to  consist  of  a  long  strap,  into  which  two  sets 
of  bearings,  furnished  with  ridges  to  guide  them,  are 
placed  and  keyed  up  tight,  being  retained  at  their 
proper  distances  by  means  of  a  strut  or  distance  piece, 
as  shown,  ft  shows  the  extremity  of  a  link  which  is 
bored  out  at  the  end  larger  than  the  bearings  which 
are  inserted,  placed  around  the  journal,  on  which 
they  are  intended  to  work,  and  keyed  up  tight 

The  construction  of  links  is  identical  in  its  details 
with  that  of  connecting  rods.  Before  concluding  the 
subject,  it  may  be  desirable  to  mention  the  fact,  that 
links  requiring  three  bearings  are  frequently  made 
as  a  combination  of  the  two  forms  illustrated  above, 
the  complete  link  being  surmounted  by  a  bearing 
extremity,  as  shown  by  the  dotted  lilies. 

The  next  subject  to  be  mentioned,  consists  of  parallel  motions. 


Fig.  76. 
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one  class  of  which  consists  of  elements  already  described,  another 
also  has  been  mentioned,  which  consists  merely  of  guides  between 
which  slide-blocks  move  in  a  rectilineal  direction,  having  a  recip- 
rocating motion. 

Another  method,  which  is  attended  by  results  of  a  very  satis- 
&ctory  character,  consists  in  prolonging  the  piston  rod  beyond  the 
cross-head,  and  carrying  its  extremity  in  a  piece  of  metal,  bored 
out  cylindrically  to  such  a  diameter  as  to  allow  it  to  move  freely 
within  it.  When  this  method  is  employed,  the  piston  rod  should 
be  made  somewhat  stronger  than  usual,  as  it  will  then  have  to  sus- 
tain the  stress  due  to  the  varying  angularity  of  the  connecting  rod. 

The  beam  next  requires  attention.  It  is  an  element  simple  in 
its  form,  and  will  require  but  little  description.  An  elevation  of 
an  ordinary  beam  is  shown  Fig.  77.  a  is  a  gudgeon,  upon  which 
the  beam  is  supported ;  b  that  to  which  the  piston  rod  is  attached ; 
c  that  carrying  the  connecting  rod ;  d  and  e  are  other  gudgeons^ 
which  serve  for  the  support  of  pump  rods,  &o.  Beneath  the 
elevation  is  shown  a  plan  of  the  beam. 

This  beam  will  be  used  with  a  forked  connecting  rod,  &c. ;  but 
at/  is  shown  a  plan  of  the  end  of  a  forked  beam,  such  as  is  used 

Pig.  77. 


in  side  lever  and  grasshopper  engines.    At  ^r  is  shown  a  section  of 
the  beam,  taken  through  %j\  ^ 

The  proportions  generally  adopted  where  no  special  circum- 
stances prevent  their  employment,  are,  for  the  various  elements 
now  described,  as  follows : — 
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The  stroke  of  the  piston  should  be  twice  the  diameter  of  the 
cylinder  to  get  the  least  cooling  surface  of  steam-cylinder.  The 
beam  should  be  three  times  the  length  of  the  stroke,  and  its  depth 
at  centre  should  be  equal  to  the  diameter  of  the  cylinder.  The 
oomiecting  rod  should  be  from  twice  to  thrice  the  length  of  the 
fltrokft. 

The  rule  to  calculate  the  thickness  of  the  beam  at  the  centre 
will  be  as  follows : — 

I^  p  as  .maximum  pressure  per  square  inch  on  thepistoui  D  ^ 
diameter  of  cylinder  in  inches,  d  =  depth  of  beam  in  inches,  I  ^ 
length  of  half  beam  in  feet,  t  :=:  thicknesf  in  inches.    Then 

<  =  o.02,i)Z  j^l' 

but  if  the  forgoing  proportions  be  used, 

D  =  rf 
hence 

<  =  (H)2i>/ 

The  method  of  applying  this  calculation  to  half  beams  is  obvious 
for  we  have  only  to  take  for  the  value  of  I  the  distance  between 
the  centres  of  the  gudgeon,  which  carries  the  top  of  the  piston  rod, 
and  that  by  which  the  connecting  rod  is  carried. 

The  beam  is  usually  made  of  cast-iron,  and  the  manipulations 
to  which  it  is  subject  after  leaving  the  foundry  are  not  of  a  very 
extensive  character,  for  all  that  remains  to  be  done  consists  in 
boring  the  apertures  to  receive  the  gudgeons,  and  fitting  the  latter 
to  the  beam.  A  &vorable  opportunity  now  offers  itself  to  con- 
sider the  means  employed  for  fixing  cylindrical  elements  to 
cylmdrical  apertures,  when  it  is  necessary  that  they  be  incapable 
of  movement.  Fig.  78  shows  a  section  of  shaft  upon  which  it 
is  required  to  fix  a  cylindrical  band  or  boss  immovably ;  e  is 

the  shaft,  and  a  ft  c  is  the  boss.  It  is  bored 
to  fit  with  accuracy  the  shaft  which  has  been 
previously  turned,  and  in  both  ihe  boss  and 
the  shaft  certain  slots  are  made  to  admit  kejrs 
dddd,  which  keys  prevent  the  shaft  firom ' 
revolving  within  the  boss.  The  method  now 
described  is  that  generally  used  for  fixing  the 
gudgeons  of  beam  engines.  There  are  other 
niethoda  of  fixing  bosses  upon  shafts^  but  these  will  subsequently 
be  mentioned. 
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The  form  of  these  pins  or  gudgeons,  and  in  &ot  of  joomals 
generally,  now  requires  attention.    In  Fig.  79  a  represents  an 

elevation  of  a  gudgeon  for  a  beam. 
The  central  part  h  does  not  in  eyery 
case  require  to  be  turned;  but  the 
journals  c  c  must  be  accurately  brought 
to  the  required  form ;  d  represents  the 
general  form  of  journals.  The  part  d 
must  be  accurately  turned,  as  it  will 
work  in  contact  with  the  bearings. 
The  other  parts  of  the  shaft  are  also 
turned,  although  accuracy  of  form  is 
not  necessary  on  the  general  surface. 
The  neact  matter  to  be  considered  is  the  form  of  bearings  gener* 
ally,  and  these  are  shown  in  Fig.  80. 

a  is  a  solid  block  of  cast-iron,  having  on  its  upper  side  a  rect- 
angular notch  or  recess :  it  is  called  a  plummer  block.  This  is 
surmounted  by  a  cast-iron  cap  h,  having  in  its  lower  surface  a. 
semicircular  notch.  The  two  are  connected  by  bolts,  as  shown. 
The  general  form  of  this  arrangement  will  at  once  be  recognized 
from  the  general  resemblance  which  it  bears  to  some  forms 
of  piston-rod  cross-heads.  Between  the  plummer 
block  and  cap,  brass  or  gun-metal  bearings  are 
placed,  of  which  sections  are  shown  <i  at  d  and  g,  e 
is  first  placed  in  the  plummer  block,  d  is  placed 
upon  it,  and  then  the  cap  h  is  bolted  down  to  the 
plummer  block.  The  bearings  are  furnished  with 
flanges,  to  prevent  their  sliding  away  from  their 
proper  position.  At  /  is  shown  a  vertical  section 
through  the  plummer  blocks  and  bearings,  which 
shows  the  general  arrangement.  The  bearings  are 
usually  bored  out  accurately,  and  subsequently 
fitted  to  the  journals,  which  they  are  intended  to 
sustain,  by  scraping. 

Various  forms  of  plummer  blocks  and  bearings 
are  used,  but  the  one  described  will  convey  a 
general  idea  of  the  principle  involved  in  their  construction. 

Next  to  the  beam  comes  the  connecting  rod ;  but  the  various 
forms  of  this  element  have  already  been  considered. 
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The  crank  now  leqnires  attention,  with  regard  to  general  form 
and  construction ;  the  theory  of  its  action  haying  been  already 
treated.  Fig.  81  shows  the  general  form  of  one  class  of  cranks, 
viz.,  those  which  are  not  made  in  the  piece  with  the  crank  shaft. 
It  is  desirable  to  nse  this  form  whenever  it  is  available  for  small 
engines.  Cast-iron  cranks  are  not  unflreciuently  used,  but  wrought- 
iron  is  certainly  preferable,  and  no  other  material  should  be  allowed 

Fig.  81. 


in  the  construction  of  engines  of  considerable  size.  Cranks  for 
inferior  purposes  are  very  frequently  made  by  bending  the  crank 
sbaft  to  the  required  form ;  but  this  method  does  not  yield  results 
of  so  satisfiustory  a  character  as  that  which  consists  in  forging 
upon  the  crank  shaft  a  solid  projection,  and  subsequently  cutting 
oat  the  aperture  of  the  crank. 

When  separate  cranks  are  used  they  must  be  planed  on  the 
enr&ces,  and  then  bored  accurately  to  receive  the  shaft  and  the 
crank  pin.  In  the  figure,  a  shows  the  aperture  for  the  shaft,  and 
I  that  for  the  crank  pin.  In  fixing  cranks  upon  the  crank  shafts 
kejs  will  be  found  advantageous;  but  it  is  also  advisable  to 
employ  the  method  known  as  shrinking  on,  which  consists  in 
heating  the  crank  boss  until  it  will  jost  pass  into  its  position, 
having  been  originally  bored  out  to  a  diameter  somewhat  less  than 
that  of  the  shaft  on  which  it  is  to  be  fixed.  Then  it  is  placed  upon 
the  shaft  in  the  required  position,  and  allowed  to  cool,  whereupon 
it  takes  a  firm  grip  of  the  shaft. 

The  next  element  to  which  the  reader's  attention  will  be  called 

4 

is  the  crank  shaft  or  main  shaft  of  the  ygine,  and  the  first  step 
towards  the  construction  of  the  same  will  consist  in  calculating  its 
diameter,  which  may  be  effected  by  the  following  formula : — 
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Let  d  a=  diameter  of  shaft  in  inches.  * 

H  =  horse-power  of  engine,  calculated  for  the  maximum 

pressure. 
N  =  number  of  revolutions  per  minute  performed  bj  the 

engine. 
Then  the  diameter  may  be  found  from  the  equation — 


8  1820 

=  N     N 


This  calculation  applies,  of  course,  to  the  smallest  part  of  the 
shaft,  which  will  generally  be  the  jouma].    The  general  form  of 
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the  crank  shaft  may  now  be  described.  In  Fig.  82  three  forms  of 
crank  shaft  are  shown,  aad  the  first  form  will  also  serve  to  illus- 
trate  another  arrangement. 

a  b,  Fig.  82,  shows  two  portions  of  a  crank  shaft,  fitted  with  two 
cranks,  e  cfd,  carrying  a  crank  pin,  c  d.    Close  behind  the  cranks. 
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jooTBals  are  turned  upon  the  shafts,  which  rest  in  the  shaft  bear- 
ings.   Beneath  is  shown  the  form  of  the  craok  pin,  which  may  bo 

• 

secured  by  wedges  driven  through  the  small  bosses  of  the  cranks. 
If  we  coDceiye  the  part  dfh  to  be  removed,  then  will  a  ec  repre- 
sent the  arrangemeot  used  in  engines  having  but  one  crank. 
g  ij  h  represents  a  crank  shaft  having  the  crank  forged  in  one 
piece  with  it,  and  I  m  shows  a  shaft  where  the  crank  is  forged 
upon  it ;  but  instead  of  having  vertical  arms,  as  in  the  last  case; 
they  are  curved.  ' 

With  regard  to  the  construction  of  the  crank-shaft,  we  may 
observe  that  it  is  usual  to  bring  it  up  to  a  bright  suriSstce^  turning 
those  parts  which  admit  of  such  treatment,  and  planing  and  filing 
others.  In  turning  the  crank-pins  in  such  arrangements  as  those 
shown  hjgh,  some  particular  method  of  centring  the  shaft  must 
be  adopted.  The  dotted  lines  at  each  extremity  show  carriers,  in 
which  centres  are  made  in  a  line  with  the  axis  o^  the  crank-pin, 
and  between  these  centres  the  work  is  supported  in  the  lathe, 
the  carriers  being  properly  blocked  to  retain  them  in  the  proper 
positions. 

The  bearings  of  the  crank-shaft  are  usually  of  the  form  already 
described  when  treating  of  those  employed  for  the  support  of  the 
working  beam. 

Those  elements  which  are  carried  by  the  main  shaft  will  next 
require  attention,  and  the  first  which  occurs  after  the  prank  is 
generally  speaking,  the  eccentric.  This  consists  of  a  wheel  or 
pulley  of  a  truly  circular  form,  but-  fixed  upon  the  shaft  eccen- 
trically to  it ;  and  it  may  be  supposed  to  be  produced  by  increas- 
ing the  dimensions  of  An  ordinary  crank-pin  until  they  arrive  to 
such  a  point  as  to  extend  in  every  direction  beyond  the  main  shaft; 
Fig.  83  illustrates  thQ  arrangement  of  the  eccentric ;  a  is  the  main 
shaft  to  which  the  eccentric  is  keyed ;  b  is  the  eccentric  sheave, 
on  the  edge  of  which  is  a  groove  to  receive  a  band,  withi^  which 
the  eccentric  sheave  may  revolve.  This  band  corresponds  with 
the  cross-head  of  the  piston  rod  when  that  is  jointed  directly  on 
to  the  crank-pin.  The  band  is  made  in  two  parts,  cde  and  efc^ 
which  are  connected  with  bolts  at  c  and  e.  At  /  is  a  socket  to 
receive  the  extremity  of  the  eccentric  rod,  which  is  firmly  keyed 
therein.  This  is  the  arrangement  generally  used  with  gun-metal 
straps.  Sometimes,  however,  it  is  found  expedient  to  make  both 
sides  of  the  strap  of  the  same  form  as  cp^e,  and  in  this  case  the 
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eccentric  rod  ia  forked,  as  shown  at  A,  and  tlie  extremity  of  eack 
fork  is  screwed  after  the  manner  of  a  bolt,  so  that  the  screwed 
ends,  being  passed  through  the  bolt-holes  at  c  and  e  and  famished 
with  nuts,  supply  at  once  the  means  of  connecting  the  two  halves 
of  the  strap  with  each  other  and  with  the  eccentric  rod. 

Fig.  83. 


It  frequently  happens  that  instead  of  gun*metal  straps,  others, 
formed  of  wrought-iron,  are  employed,  and  in  this  case  the  eccen- 
tric rod  tnay  be  forged  in  one  piece  with  the  half  of  the  strap.  In. 
other  cases,  however,  one  half  of  the  strap  is  made  as  shown  at  i, 
the  extremity  of  the  connecting  rod  being  of  the  form  shown  at  f, 
so  as  to  admit  of  its  being  bolted  to  the  Eccentric  strap. 

The  eccentric  rod  may  be  jointed  direct  on  to  the  slide-valve 
rod,"  or  on  to  an  arm  attached  to  a  shaft  carrying  another  arm, 
from  which  a  slide-valve  is  worked. 

As  it  is  necessary  that  a  certaili  advance  be  given  to  the  eocen* 
trie  ovdt  the  crank,  in  order  to  insure  the  direction  of  the  engine's 
motion,  some  peculiar  arrangement  must  be  provided  in  those  en- 
gines which  occasionally  require  to  be  reversed. 

There  are  two  forms  of  reversing-gear  in  coiomon  use:  one 
generally  employed  for  paddle-wheel  engines,  and  the  other  for 
screw-propeller  and  locomotive  engines.  The  former,  however, 
shall  be  first  described. 

Fig.  84  represents  the  ordinary  single  eccentric  reversing  ar* 
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rangement.  In  tliis  ease  tbe  eccentric  is  not  keyed  on  to  the  shaft, 
but  so  arranged  that  the  latter  is  capable  of  revolving  free  within 
it.  abcis  Hxe  eccentric,  which,  in  order  to  prevent  its  falling  to 
the  bottom  of  the  stroke  by  its  own  weight,  is  counterbalanced  by 
the  weight  /,  so  that  the  eccentric  may  remain  in  any  position 

rig.  84. 


while  tlie  shaft  revolve^.  Upon  the  shaft  is  bolted  a  segmental 
collar,  e  e,  either  extremity  of  which  coming  in  contact  with  the 
imxer  part  of  the  balance  weight/  which  is  bolted  to  the  eccentric, 
will  propel  the  latter.  If  we  suppose  the  engine  to  be  stopped, 
and  the  slides  moved  by  hand  to  such  a  position  as  will  cause  the 
engine  to  start  in  a  direction  contrary  to  that  in  which  it  was  run« 
ning,  the  segment'at  collar  e  will  retire  from  the  balance  weight  on 
one  side,  and  having  performed  a  portion  of  a  revolution,  will  come 
ui  contact  ^th  it  on  the  other  side,  and  cause  the  eccentric  to  re- 
volve with  the  shaft ;  after  which  the  motion  of  the  engine  will 
oontinne  uniform  until  some  further  adjustment  is  made.    • 

It  is  however  necessary  to  provide  some  means  whereby  the 
eccentric  rod  may  be  temporarily  disconnected  from  the  slide-valve 
gear,  in  order  that  the  latter  may  be  moved  by  hand  to  the  position 
necessary  to  reverse  the  motion  of  the  engine.  The  lower  part  of 
the  eccentric  rod  arranged  for  this  purpose  is  shown  at  h  t.    At  i 
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IB  a  pin  attached  to  a  lever  acting  on  a  way  shaft  to  which  the 
dmbs  by  which  the  slide  is  moved  are  attached.  This  pin  gears  in 
a  notch  or  gab  in  the  extremity  of  the  eccentric  rod,  which  is 
called  the  gab  lever.  Behind  this  pin  the  gab  lever  is  perforated 
and  a  strip  of  metal  inserted  as  shown  at  I  Now  it  is  evident  that 
if  this  strip  of  metal  be  forced  forward,  it  will  fill  up  the  notch, 
forcing  the  pin  out  of  it,  thereby  disengaging  the  valves :  nor  will 
the  pin  be'  able  to  re-enter  the  notch  until  the  strip  of  metal  is 
,  withdrawn.  All  that  is  now  r^iiired  is  the  means  of  acting'  this 
strip  of  metal,  and  such  means  are  Aimished  by  the  lever  shown. 
It  is  fixed  on  a  fulcrum  at  k ;  the  lower  extremity  is  attached  to 
the  strip  of  metal,  and  the  upper  one  to  a  handle  Ji,  which  passes 
through  the  gab  lever.  It  is  evident  that  by  pushing  the  handle 
towards  the  gab  lever  the  engines  are  thrown  out  of  gear ;  whereas 
by  pulling  the  handle  from  the  gab  lever,  the  engines  are  allowed 
to  fall  into  gear.  Some  means  must  of  course  be  provided  to  retain 
the  handle  h  in  position,  but  these  are  obvious.  It  is  evident  that 
the  sliding  piece  may  be  made  in  one  with  the  lever,  instead  of 
being  jointed  to  it  as  we  have  described.  In  some  cases  the  stop 
is  dispensed  with,  and  the  gab  lever  is  raised  when  necessary  by 
means  which  may  be  rendered  more  dear  by  Fig.  85.    a  i  is  the 

Fig.  85. 


gab  lever,  e  the  pin  communicating  with  the  slide-valves,  ef  is  a 
short  shaft  on  which  is  an  arm,  de,  carrying  at  the  extremity  e  a 
pulley  close  under  the  gab  lever.  To  the  short  shaft  is  also  at- 
tachai  an  arm,  df,  having  a  link,  part  of  which  is  shown  at  f, 
attached  to  it.  Now  it  is  evident  that  by  moving  the  link  gf  in 
the  direction  indicated  by  the  anrow,  the  gab  lever  will  be  raised 
clear  of  the  pin  c.  The  other  class  of  reversing  gear  now  requires 
'attention.  The  arrangement  already  described  is  evidently  inap* 
pr(5priate  to  locomotive  and  other  high-speed  engines,  as  it  would 
rapidly  be  destroyed  by  the  vibratory  action,  even  if  it  were  pos- 
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able  to  work  with  it.  Hence,  in  engines  of  this  class  ve  find  tliat 
tffo  eccentrics  hava  generally  been  used,  one  for  the  forward  mo- 
tion and  one  for  the  backward  motion,  either  of  the  eccentrics 
1)eing  capable  of  being  pot  into  gear  with-  the  valves.  In  the  first 
instance  the  extremities  of  the  eccentric  rods  were  furnished  with 
forks,  which,  by  an  ingenious  but  complicated  arrangement,  were 
Torked  to  gear  with  the  slide  in  snoh  a  manner  that  when  one  fork 
uss  in  gear  the  other  was  out,  so  that  either  eccentric  coold  be 
bronght  into  action,  according  to  cironmstances.  This  arrange-  , 
ment  has  however  been  long  since  superseded  bj  that  beautiful 
oontrirance  known  as  the  link  motion,  whleh  will  now  be  de- 
Kribed  with  the  assigtance  of  Fig.  86. 

Let  ji  be  the  forward  eccentric,  that  is  to  say,  the  eccentric  which 
u  set  to  give  the  engine  a  forward  motion,  and  let  b  be  the  back- 
ward eccentric  The  lower  extremities  of  the  eccentric  rod  are  at- 
tached to  a  link,  et^  within  which  is  a  block  connected  with  a  slide 

Fig.  86. 


rod,  e.  To  the  back  of  the  link  ia  attached  an  eye,  /,  &om  which 
a  link  proceeds  to  the  end,  <^  of  an  arm,  carried  by  a  short  shaft, 
g,  which  shaft  has  also  an  arm,  g  h ;  and  to  the  extremity,  ^  is  at- 
tached a  link  as  shown.  Now,  it  is  evident  that  by  moving  this 
link  in  the  direction  of  the  arrow,  the  link  c  d  will  be  raised,  and 
Bliding  over  the  block  attached  to  the  slide  lod  the  latter  will  be 
bronght  tmder  the  control  of  the  eccentric  h.  By  a  reverse-  method 
it  vUl  be  bronght  under  the  action  of  the  eccentric  a.  It  is  not 
iiecesaary  that  Uie  block  should  be  c^uite  at  the  end  of  the  link, 
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but  it  may  be  at  some  intermediate  point,  and  by  adjusting  this 
position  the  quantity  of  steam  admitted  to  the  cylinder  is  also 
adjusted. 

In  some  cases  the  link  cd  ia  suspended  from  a  fixed  point,  and  a 
connecting  rod  is  then  jointed  to  the  slide  rod,  and  the  extremity 
of  this  connecting  rod  is  attached  to  a  movable  link,  df.  This 
arrangement,  known  as  the  link  motion,  is  in  the  locomotive  en^ 
gine  worked  by  a  hand-lever,  but  in  screw  engines  it  is  very 
commonly  regulated  by  a  hand-wheel.  Having,  disposed  of  the 
eccentric  whereby  the  slide-valve  is  worked,  a  description  of  the 
means  of  working  the  expansion-valve  is  necessary.  This  is 
effected  by  means  of  cams,  of  which  the  arrangement  is  shown 
Fig.  87.  a  is  the  main  shaft,  b  the  boss  upon  which  various 
cambers  are  placed  side  by  side,  in  positions  corresponding  to  the 
points  at  which  it  may  be  required  to  cut  off  the  steam ;  e  is  a 
roller  which  rests  against  any  one  of  the  cams,  as  may  be  required; 
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it  is  carried  at  the  extremity  of  an  arm  attached  to  a  short  shaft,/. 
The  roller  will,  twice  during  every  revolution,  that  is,  once  in 
every  stroke  of  the  engine,  be  forced  back  by  the  cam,  whereby 
the  link'  g  h  will  be  raised,  and  the  expansion-valve  shut.  The 
roller  is  moved  horizontally  to  bring  it  under  the  action  of  any 
cam  by  means  of  a  screw  worked  by  a  handle  eye,  which  screw 
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carries  a  fork  or  guide,  embraoing  tlie  pulley  e.  Of  course  the 
pullej  must  only  "be  shifted  when  resting  on  the  plain  part  of  the 
boss  b.  Another  view  of  the  expansion  cam  arrangement,  show- 
ing the  edges  of  the  cambers,  is  seen  at  j\ 

With  regard  to  the  construction  of  eccentrics  and  camsy  it  only 
remams  to  be  observed  that  the  moving  parts  must  be  very  accu- 
rately fitted  to  each  other  by  the  usual  means,  and  the  other  parts, 
with  the  exception  of  the  sides  of  the  eccentrics,  be  brought  up  to 
bright  sur£»3es  by  turning,  planing,  and  filing.  ^  With  regard  to 
the  construction  of  the  fly-wheel  there  is  but  little  to  be  said.  It 
is  usually  of  cast-iron,  in  one  or  more  pieces,  according  to  circum- 
stances. It  is  bored  out  accurately,  and  firmly  keyed  on  to  the 
crank  shaft,  and  if  very  heavy  it  should  have  bearings  to  the  shaft 
on  each  side.  We  have  known  cases  in  which  the  fly-wheel  was 
retained  in  position  by  a  screw  running  through  the  boss  of  the 
wheel  into  the  shaft ;  but  this  is  a  clumsy  arrangement,  and  may 
give  rise  to  much  difficulty  if  it  is  required  at  any  time  to  remove 
the  fly-wheel  trom  the  shaft. 

It  is  very  advantageous  in  many  cases  to  make  the  wheel  with 
a  cast-iron  boss  or  rim,  and  with  wrought-iron  arms,  which  may 
readily  be  done  by  imbedding  bars  of  wrought-iron  in  the  mould 
previous  to  casting  the  metal,  which  will  then  envelope  the  ex* 
tremities  of  the  arms,  and  in  cooling  it  will  firmly  grip  them,  and 
the  hold  may  be  increased  by  notahing  the  extremities  of  the  arms 
*  previous  to  placing  them  in  the  mould. 

Those  elements  called  governors,  next  require  attention ;  and  of 
these  a  very  great  variety  have  been  produced.  They  may,  how- 
ever, be  arranged  under  two  heads,  viz.,  those  which  have  for 
their  principle  the  equilibrium  of  the  force  generated  by  the 
velocity  of  the  engine  with  some  external  force,  and  those  which 
regulate  the  admission  of  steam  in  proportion  to  the  resistance 
which  the  engine  has  to  overcome.  In  the  first  class  we  have  the 
conical  pendulum  or  comm(»i  two-ball  governor,  in  which  the 
centriftigal  force  is  balanced  by  the  attraction  of  gravitation ;  we 
have  also  in  this  class  other  varieties,  some  with  two  and  some 
with  four  baUs,  in  which  the  centrifugal  force  is  resisted  by  the 
elasticity  of  a  helical  spring;  and  among  these  Silver's  four-bal^ 
marine-engine  governor  stands  forth  pre-emiuently  for  practical 
utility. 
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Plate  XII.  represents  a  number  of  governors  to  which  our  at' 
tention  has  been  lately  directed  especially  in  order  to  determine 
the  relative  values,  or  rather  the  relative  delicacies  of  various 
kinds.  Fig.  1  represents  the  commonest  form  of  governor,  which 
consists  of  two  balls,  *so  arranged  that  at  a  given  velocity  the 
amount  of  steam  admitted  to  the  engine  is,  upon  certain  data, 
BufiBicient  for  the  work  it  has  to  perform.  It  is  however  no  diffi- 
cult matter  to  show  that  this  arrangement,  in  common  with  others 
of  the  first  class,  gives  results  far  from  accurate.  For  instance,  let 
us  suppose,  that  an  engine  is  supplied  with  steam  of  uniform  pres- 
sure, and  that  it  is  working  at  a  certain  given  velocity,  which 
Velocity  it  is  required  to  maintain,  with  very  slight  variations. 
Let  us  suppose  that  the  engines  to  which  we  refer  are  employed 
to  drive  the  machinery  in  the  works  of  a  mechanical  engineer; 
then  they  will  be  subject  to  constant  variation  of  work  to  be  dpn^ 
and  if  it  is  imagined'  that  some  extra  machine,  say  a  circular  saw, 
is  thrown  into  gear  with  the  engine,  more  power  will  be  required 
to  do  the  work  of  the  establishment ;  hence  the  steam-pipe  must 
afford  a  wider  passage  to  the  steam,  which  of  course  cannot  be 
done  but  by  opening  wider  the  valve  which  is  controlled  by  the 
governor.  Thus,  for  instance,  to  take  an  example,  if  we  require 
one-tenth  more  power,  we  must  absorb  an  equal  additional  quantity 
of  steam,  or  the  valve  must  be  opened  so  as  to  give  so  much  more 
area  of  steam-passage,  the  amo^t  of  friction  on  the  sides  of  the 
steam-passage  being,  on  this  occasion,  omitted.  It  is  unnecessary 
to  encumber  our  space  with  the  exact  calculation  of  this' matter, .^ 
but  it  is  very  simple,  requiring  only  the  most  elementj^  prin- 
ciples of  plane  trigonometry  for  its  solution ;  hence  we  feel  justified 
in  omitting  it.  We  may  however  observe,  that  the  width  at  any 
point  of  real  ateam-passage  will  vary  very  nearly  as  the  verse  sine 
of  the  angle  described  by  the  valve  from  the  position  at  which  the 
steam  is  shut  ofi^  and  this  verse  sine  will  vary  but  slightly  for 
considerable  angular  variation,  until  the  angle  described  amounts 
•to  about  45® ;  hence,  when  the  throttle-valve  is  but  slightly  open, 
and  any  considerable  amount  of  extra  work  is  thrown  upon  the 
engine,  a  very  considerable  angular  deviation  of  the  throttle- valve 
will  be  requisite  in  order  to  afford  sufficient  area  of  steam- way, 
and  to  obtain  such  deviation  the  governors  must  of  necessity  col- 
lapse to  a  notable  extent,  and  remain  in  such  position,  for  the 
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mamtenance  ci  which  a  reduced  velocity  of  the  engine  is  in- 
dispensabla 

Fig.  2  represents  a  fonn  of  governor  in  which  the  ehistic  resist- 
anoe  of  a  spring  is  employed  in  the  place  of  gravity ;  hence  this 
apparatus  may  be  used  in  positions  deviatiflg  from  the  vertical,  or 
in  other  woids,  the  plane  of  revolution  of  the  balls  need  not 
oecessarily  be  horizontal,  which  position  is  the  only  one  in  which 
the  common  governor  is  efficient 

Similar  in  action  to  the  last  described  governor  is  Silver's  marine 
governor,  but  the  disturbing  effects  prodticed  by  variation  of  posi- 
tioB;  are  still  further  obviated  by  the  employment  of  four  balls  in* 
stead  of  two.  g 

Figs.  8  and  4  are  illustrative  of  governors,  in  which  the  centri- 
fugal force  is,  as  in  the  last  case,  opposed  by  the  elasticity  of  the 
spring;  but  these  forms  have  been  illustrated  for  the  purpose  of 
comparing  them  with  each  other ;  for  although  at  the  first  glance 
it  may  appear  very  different,  yet  they  are  but  modifications  of  one 
form,  being  identical  in  principle.  Id.  Fig.  8  we  have  the  balls  at- 
tached to  the  ends  of  bent  levers,  a  a,  to  the  other  extremities  of 
which  are  jointed  links,  a  b,  attached  to  a  sliding  collar,  b  b,  which 
is  in  connection  with  a  spiral  spring  placed  around  the  main  spindle 
of  the  governor ;  e  e  are  the  fulcra  of  the  bent  levers.  Now,  it  is 
evident  that  we  may  alter  the  angle  a  e  a  without  destroying  the 
principle  of  the  apparatus.  Let  us  suppose  that  the  t^o  arms  of 
the  bent  leve;  are  made  parallel  and  of  equal  length,  then  we 
arrive  at  the  form  shown  Fig.  4,  which  also  presents  many  points 
of  similarity  with  the  form  shown  at  Fig.  2,  and  it  remains  for  us 
to  determine  which  is  the  more  delicate,  that  is  to  say,  in  which 
governor  the  greatest  effect  upon  the  valve  will  be  produced  by  a 
given  degree  of  variation,  of  velocity. 

In  order  to  satisfy  ourselves  on  this  point,  it  is  not  necessary  to 

have  recourse  to  intricate  methods  of  analysis,  for  it  is  a  matter  of 

bbservation  that  in  Fig.  8  the  balls  must  become  horizontal  before 

they  can  cease  to  have  Axrther  effect  \ipon  the  spring ;  or  in  otheiF 

words,  so  long  as  the  centrifugal  governor  can  be  used,  the  desired 

effect  will  be  produced  by  this  form ;  whereas  in  the  form  shown 

in  Fig.  4,  as  soon  as  tho  arms  of  the  governor  have  risen  to  an 

angle  of  about  40  degrees  to  the  horizon  fiirther  action  becomes 

impossible,  as  the  links  a  b  will  then  permit  of  no  further  separa- 
11 
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tion  of  the  balk ;  and  the  delicacy  of  this  apparatus  in  every  poai^ 
tion  is  eqnally  inferior  to  tliat  of  the  arrangement  iUnatiated  m 
Fig.8. 

The  f<»regoing  examples  of  the  first  class  of  gOTemoos  iUurtneia 
£he  imnciples  of  a  greSt  variety,  but  it  wonld  be  asekes  to  attempt 
to  give  any  c^nnplete  account  of  all  the  various  forms  vhicdi  ixave 
been  brought  forward ;  we  may,  however,  observe,  ihat  in  some 
instances  the  resistance  which  is .  afforded  by  gravity  or  helioal 
springs,  in  the  cases  describedi  above,  is  supplied  by  the  resistance 
of  the  atoiosphere  to  revolving  vanes,  or  by  the  resistance  of  a 
fluid  to  vames,  <xr*to  a  screw  revolving  in  it. 

Figs.  5  and  6  are  illus^tive  of  a  governor  of  the  second  classy 
Fig.  5  being  a  plan  of  the  arrangement,  and  Hg.  6  a  side  elevation 
of  «  portion  of  the  same.  TMs  contrivance  adjusts  the  quantity 
of  steam  admitted  to  the  engine  to  the  power  to  be  exerted ;  its 
arrangements  and  action  are  as  follows.  In  the  illustrationB,  a  re- 
presents ^  bevel  wheel,  to  which  the  power  of  the  prime  mover  is, 
in  the  first  instance,  transmitted ;  e  is  another  bevel  wheel  attached 
to  the  shaft,  £rom  which  the  power  is  transmitted  to  the  machitieTy 
to  be  driven,  a  third  bevel  wheel,  J,  serving  to  connect  the  two 
former  ones,  a  and  c.  The  wheel  h  runs  loose  upon  the  turned  ex- 
tremity of  a  lever,  J  e,  which  has  its  fulcrum  at  (2  in  a  line  with 
the  axis  of  the  main  and  working  shafts,  so  tbat  the  wheel  b  may 
revolve  about  the  centre  d,  without  being  thrown  out  of  gear  with 
a  and  c.  To  the  extremity  e  of  the  lever  b  e,is  %ttach6d  a  rod, 
carrjring  at  its  lower  extremity  a -piston  fitted  to  work  air-tight  in 
a  cylinder,  /;  the  upper  part  of  this  cylinder  is  closed,  containing 
condensed  air.  Let  us  now  suppose  that  the  wheel  a  is  caused  to 
revolve  in  the  direction  indicated  by  the  arrow,  then  it  is  evident 
that  if  the  resistance  offered  to  the  revolution  of  the  wheel  c,  be 
greater  than  that  offered  to  the  revolution  of  tHe  wheel  b  about  the 
centre  d,  then  will  the  latter  take  plae^,  the  wheel  b  descending ; 
but  in  so  doing  it  will  necessarily  raise  the  extremity  c  of  the  lever 
e  by  and  with  it  the  piston  in  the  cylinder  /  by  which  the  air  above 
the  piston  will  be  still  further  compressed,  so  that  a  continually 
increasing  resistance  will  be  offered  to  the  descent,  of  the  wheel  ft, 
and  at  length  the  point  will  be  arrived  at  where  its  position  with 
regard  to  the  centre  d  remains  unaltered,  the  motion  imparted  to 
it  by  the  wheel  a  being  transmitted  to  that  at  c«on  the  working 
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shaft,  and  tlie  eleyadon  or  depression  of  the  wheel  b  will  thus  be 
in  proportion  to  the  leflbtaDoe  offered  bj  the  machinery  to  be 
driveiL  The  lever  <  6  ia  ao  connected  with  the  throttle  yalye  of 
the  engine,  that  the  greater  the  elevatioB  of  the  piston  in  the  ey  1- 
inder  /,  tiie  greater  wiU  be  t^jie  quantity  oT  steam  admitted  to  the 
W(Nrkiiig  cylinder  of  one  engine,  and  vice  verm;  henee,  the  greater 
the  reeiBtanoe  to  be  oyeieome,  the  greater  will  be  the  q«antity  of 
steam  admitted  to  the  engine,  so  that  the  Telocity  may  remain  nni* 
fonn.  The  eompreaaed  air  in  the  npper  part  of  the  cylinder/ 
may  of  coarse  be  replaced,  if  deemed  dc&rable,  by  a  spring.  If 
whdB.  the  engine  is  running,  an  extra  load  be  thrown  upon  the 
working  shafts  the  wheel  b  descends  nnti^  the  resistance  offered  to 
its  deac^t  is  again  eqnivident  to  the  woric  to  be  dooe^  ^ad  in  so 
d(Hng  the  throtde-valve  is  opened  to  a  greater  eoEtent  than  before ; 
but  ^  on  the  contrary,  a  portion  of  the  work  be  thrown  c^,  the 
pressure  of  the  air  in  the  cylinder  /  presses  down  the  piston,  and 
raises  the  wheel  b  until  the  opposing  forces  are  again  in  equilibrio^ 
the  throttle-valve  being  thereby  partially  dosed.  It  is  of  course 
necessary  in  the  first  instance  to  adjust  the  opening  of  the  valve 
for  some  given  position  of  the  governor,  and.  this  is  done  by  means 
0  of  a  right  and  left-handed  nut,  which  governs  the  length  of  one 
of  the  links  connecting  the  governor  and  the  throttle- valve.  No 
special  remarks  are  requisite  as  to  the  construction  of  governors, 
beyond  the  observation  tha(  the  parts  must  be  very  accurately 
fitted  together  by  means  of  the  processes  already  set  forth. 

Let  us  now  proceed  to  the  description  of  the  vesdels  employed 
for  condensation  of  the  steam  after  it  has  done  its  work  in  the  cyl* 
ioder  of  the  condensing  engine.  These  condensers  are  of  two 
classes ;  first  those  in  which  the  steam  is  condensed  by  water,  and 
secondly  those  in  which  it  is  condensed  by  contact  with  cold  me- 
tallic surfisu^  these  latter  constltati^  what  are  termed  sur&oe 
condensers. 

The  apparatus  used  for  effiscting  the  condensation  of  the  exhaust 
steam  by  the  first  method  is  usually  exceedingly  simple,  consisting 
of  a  cylindrical  vessel ;  or  if  this  form  be  not  convenient,  any 
other  mtipf  be  adopted  aoeoaraUng  to  the  requirements  of  the  eng^ 
to  whidn  it  is  intended  to  attadi  the  condenser,  wUim  whicli 
vsssd  is  placed  a  perforated  jet  rose  or  tube  cenneetei  witJi  th# 
exterior  of  ihe  eondenser  by  mean^  of  a  pq>e  passing  tb2o\igh  th^ 
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aide  of  the  same,  and  fiimislied  with  a  cock  to  afford  a  means  of 
regulating  the  admission  of  water  to  the  condenser.  The  action 
of  this  arrangement  is. as  follows.  Before  starting  the  engine,  a 
tank,  in  which  the  condenser  is  fixed,  is  filled  with  cold  water,  and 
subsequently  kept  fall ;  steam  is  then  admitted  to  the  condenser  to 
expel  the  air  which  formerly  filled  it,  which  it  does  either  through 
a  conical  yaLve  placed  at  the  top  of  the  condenser,  called  a  snifting 
valve,  or  otherwise  through  a  valve  at  the  foot  leading  to  the  air- 
pump.  As  soon  as  all  the  air  is  displaced,  the  cock  attached  to 
the  pipe  which  terminates  within  the  condenser  is  opened,  and 
water  flows  into  the  condensing  vessel,  where  it  comes  in  contact 
with  the  steam  within  th^  same,  and  reduces  it  at  once  to  a  liquid 
oonditiony  leaving  a  vacuum  approaching  more  or  less  nearly  to  an 
absolute  vacuum,  accordiog  to  the  n^nagement  of  the  apparatus. 
Fig.  88  represents  a  vertical  section  of  one  form  of  condenser.    It 

Fig.  88. 


is  a  species  of  swelled  pipe ;  the  upper  and  lower  extremities  or 
necks  are  bored  out  so  as  to  be  of  greater  diameter  at  their  inner 
than  at  their  outer  ends.  Into  these  necks  are  inserted  the  extrem- 
ities of  pipes  of  corresponding  form,  as  shown,  the  surroiindhig 
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• 

interstices  being  filled  up  to  make  good  tlie  joints.  The  upper 
pipe  brings  the  exhaust  steam  from  the  cylinder,  and  the  lower 
one  conmiunicates  with  the  air  pump. 

Another  form  of  condenser  consists  of  a  cast-iron  cylinder  fitted 
with  a  cover,  and  having  the  passage  which  serves  to  commimicate 
with  the  air-pump  cast  on  it.  The  condensers  used  in  marine  en« 
gines  are  not  usually  immersed  in  water,  on  account  of  the  con- 
fined space  in  which  they  are  employed. 

Condensers  of  the  second  class  are  &iX  more  intricate  and  varied 
in  their  forms  than  are  those  which  we  have  just  described,  the 
object  in  using  these  being  to  recover  pure  and  unmixed  the  water 
resulting  from  the  steam  which  has  passed  through  the  engine, 
which  is  very  desirable  when  clean  water  cannot  be  obtained,  or 
when  the  water*  contains  mudh  mineral  matter,  such  as  is  the  case 
with  sea- water.  Attempts  have  been  made  from  a  very  early 
^riod  down  to  the  present  time  to  produce  a  surfiEtce  condenser 
which  should  be  efficient,  the  first  consisting  of  two  thin  cylinders 
of  large  diameter,  placed  concentrically  one  within  the  other,  water 
being  allowed  to  circulate  around  the  outer  tube  and  within  the 
inner  one,  the  steam  to  be  condensed  being  introduced  into  the 
annular  space  bounded  by  the  peripheries  of  the  two  concentric 
cylinders.  This  contrivance  wai^  however,  found  in  practice  to  be 
unequal  to  the  duties  required  of  it ;  it  was  consequently  aban- 
doned,  and  condensers  of  the  first  class  were  for  a  time  exclusively 
employed.  Subsequently  a  form  of  sur&ce  condenser  was  intro- 
duced, which  has  proved  more  successful.  It  consisted  of  a  num- 
ber of  tubes  of  small  diameter,  around  which  water  was  permitted 
to  flow,  and  into  these  tubes  the  exhaust  steam  was  passed  and 
there  condensed,  and  from  the  condenser  the  water  thus  formed 
may  be  pumped  directly  back  to  the  boiler.  This  apparatus  is 
that  invented  by  Samuel  HaU.  Since  the  production  of  this  form 
of  Burfece  condenser,  a  great  variety  have  been  introduced  to 
public  notice,  and  it  has  also  been  attempted,  in  some  instances 
with  success,  to  use  air  as  the  cooling  medium  in  the  place  of 
water,  in  order  that  the  principles  of  condensation  might  be  ap- 
plied where  sufficient  water  for  the  ordinary  condensing  apparatus 
could  not  be  obtained.  Craddock's  condenser,  intended  for  use 
with  either  air  or  water,  consists  of  a  number  of  small  tubes  at- 
tached at  the  top  and  bottom  to  vessels  which  serve  to  afford  com- 
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munication  amoiigst  &11  tubes.  This  oondenser,  being  caiiBed  to 
revolve  rapidly  in  air  or  water,  is  found  tolerably  efficient^  as  with 
the  fonner  medinin  a  vacuum  equal  to  nine  pounds  pressure  pwr 
square  inch  may  readily  be  obtained*  Surface  condensers^  to  be 
used  with  air,  have  also  been  formed  of  thin  plates  fixed  parallel 
to  each  other,  between  which  is  passed  the  steam  to  be  condensed. 
When  aij^  condensers  are  attached  to  locomotive  carriages  they 
may  be  fixed,  as  the  velocity  of  the  carriage  itself  is  sufficient  to 
cause  the  required  circulation  of  the  air*  With  regard  to  the  con- 
stiruction  of  the  various  forms  of  condensers,  it  is  only  necessary 
here  to  observe  that  those  of  the  first  class  merely  require  to  be 
turned^  planed,  or  &ced  at  the  joints,  and  those  of  the  second  class 
are  somewhat  similar  in  their  construction  to  multitubular  boilers- 
An  account  will  be  hereafter  given.  •      .  • 

The  next  element  to  which  our  attention  is  directed  is  the  air- 
pump,  by  means  of  which  the  condensed  steam,  the  water  used 
for  condensing  it,  and  the  air  which  is  always  contained  in  the 
latter,  is  withdrawn  from  the  condenser,  together  with  any  portion 
of  steam  which  may  escape  condensation,  so  that  the  vacuum  pro- 
duced previous  to  starting  the  engine  may  remain  unimpaired 
while  it  continues  in  action* 

The  air-pump  consists  of  a  cylinder  accurately  bored,  within 
which  the  piston  moves  air-tight.  There  is  a  valve  at  the  foot  of 
the  air-pump,  opening  in  a  such  a  manner  as  to  allow  of  the  ^as* 
sage  from  the  cotidenser  to  the  air-pump  of  such  matters  as  are  tQ 
be  withdrawn  from  the  former ;  whilst  another  valve  at  the  top  of 
the  p\imp  allows  of  the  exit,  and  prevents  the  return  of  the  same 
from  and  to  the  pump.  The  water,  &c.,  below  the  piston  is  allowed 
to  pass  through  it  by  means  of  valves  opening  upwards,  the  action 
of  the  apparatus  being  as  under.  As  the  piston,  or  bucket  as  it  is 
called,  of  the  air-pump  rises,  the  water,  air,  and  vapor  in  the  lower 
part  of  the  condenser  pass  through  the  bottom  valve  into  the  low^ 
part  of  the  air-pump  -  on  the  descent  of  the  air-pump  bucket^  the 
water,  &c.,  beneath  it,  forces  the  valves  formed  in  it  open,  and 
passes  through  to  the  upper  side,  and  when  the  bucket  again 
ascendsy  the  water  upon  it  is  raised  and  forced  through  the  upper 
valve  into  the  hot  well.  This  constitutes  what  is  termed  a  sin^e^ 
acting  air-pump.  When  the  pumps  are  made  double-acting  the 
bucket  is  replaced  by  a  solid  piston,  and  two  sets  of  valves  are 
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employed,  so  that  wh^n  the  piston  ascends,  it  draws  in  water  below, 
and  forces  other  water  out  above,  and  on  its  descent  it  draws  above 
and  forces  below,  so  that  the  pomp  works  during  both  the  up  and 
down-stroke ;  whereas^  in  the  former  case  the  pump  is  only  effec* 
tive  daring  the  up-stroke.    The  material  of  wldch  the  cylinder  of 
the  air-pump  is  formed  is  frequently  cast-iron,  but  it  should  be 
lined  with  brass  or  Muntz  metal ;  and  this  is  especially  necessary 
when  sea  water  or  foul  water  of  any  description  is  used ;  the  same 
material  should  also  be  applied  for  air-pump  rods.    Iron  rods^ 
ooTered  with  brass,  are  very  frequently  used,  but  they  are  found 
to  waste  away  where  they  are  j(j[ned  to  the  bucket    The  method 
of  constructing  air-pumps  is  as  follows :  The  cylinder,  if  of  solid 
brass,  is  simply  bored  out  in  precisely  the  same  way  as  a  steam 
cylinder ;  but  when  it  is  lined  it  is  first  bored  out^  and  the  lining 
then  bent,  introduced  into  it,  and  made  to  fit  firmly  by  hammering 
ft  on  the  inside,  whereby  the  lining  is  expanded^  so  that  the  casmg 
takes  a  firm  grip ;  the  lining  is  then  bored  out  to  the  required  size. 
The  piston  or  bucket  is  accurately  turned  to  fit  the  cylinder  of  the 
pump,  and  packed  generally  with  hemp,  which  is  tightened  up  by 
means  of  a  junk-ring.    Metallic  packing  has  occasionally  been 
used,  but  the  vacuum  obtained  is  not  nearly  so  good,  and,  on  the 
whole,  it  is  inferior  to  hemp.    The  valves,  if  of  metal,  are  accu- 
rately planed  or  turned,  and  then  faced  up  or  ground ;  various 
descriptions  are  used,  but  we  shall  not  pause  here  to  describe  them, 
as  a  complete  account  will  be  given  in  a  subsequent  chapter. 

With  regard  to  the  feed-pump,  it  is  only  necessary  here  to 
observe  that  what  are  called  plunger-pumps  are  most  generally 
employed ;  for  a  description  of  which  die  reader  is  referred  to  the 
chapter  on  pumps. 

In  concluding  the  present  chapter,  we  may  observe  that  it  is  the 
practice  of  some  manu&cturers  to  grind  the  steam-cylinders  and 
the  piston  rods  and  similar  parts;  it  is  advisable  to  draw-file 
throughout  their  length,  and  polish. 

In  this  chapter  we  have  endeavored  to  explain  the  form  and 
mode  of  manufacture  of  the  principal  elements  of  the  various 
kinds  of  steam-engines^  omitting,  however,  various  miiLor  arrange- 
ments which  require  no  special  comment,  and  the  action  of  which* 
^11  be  illustrated  by  examples. 


CHAPTER  XIT, 


ON  PUMPS  AND  VALVES. 


It  is  proposed  in  the  present  chapter  to  give  a  general  account 
of  those  pumps  which  are  most  ^commonly  employed  in  practice 
•to  raise  water,  avoiding  any  thing  further  than  a  mere  reference  to 
such  forms  as  are  of  doubtful  efficiency.  The  jSrst  class  which  we 
shall  consider  is  that  which  includes  bucket  or  piston  pumps, 
which  are  those  most  commonly  used  for  the  ordinary  purposes  of 
life ;  the  principle  of  their  action  is  as  follows. 

Let  us  suppo^  that  we  have  a  cylinder  fitted  with  a  piston,  in 
which  there  is  a  valve  capable  of  opening  upwards,  so  as  to  allow 
of  the  ascent  of  a  fluid  through  the  piston,  but  effectually  prevent- 
ing its  return.  Let  the  bottom  of  the  cylinder  be  closed,  and  also 
furnished  with  a  valve  opening  upwards,  at  the  termination  of  a 
short  pipe,  of  which  the  lower  extremity  is  immersed  in  water ; 
let  the  pistoh  fit  the  cylinder  water-tight,  and  let  it  be  at  the 
bottom  of  its  stroke.  If  the  piston  be  now  raised,  there  will  evir 
dently  be  a  vacuum  beneath  it,  into  which  the  water  will  be  forced 
iq)  the  short  pipe,  by  reason  of  the  external  pressure  of  the  atmos- 
phere. The  piston  having  arrived  at  the  top  of  its  stroke,  is 
stopped,  when  the  valve  at  the  bottom  of  the  cylinder  will  close 
by  reason  of  its  own  weight ;  and  if  the  piston  be  now  caused  to 
descend,  the  water  beneath  it  will  raise  the  valve  in  the  same,  and 
pass  through  to  the  upper  side,  and  when  another  up-stroke  is 
made,  this  valve  having  closed,  the  water  above  the  piston  will  be 
raised,  and  will  flow  over  the  top  of  the  cylinder,  the  lower  part 
of  which  will  again  be  filled.  The  upper  end  of  the  cylinder  or 
pump-barrel  may  be  closed,  and  supplied  with  a  valve  to  allow  of 
the  exit  of  the  water  raised,  and  to  prevent  its  return  upon  the 
piston. 

There  is,  of  course,  a  limit  to  the  height  of  the  pipe  whioh 
effects  the  communication  between  the  bottom  of  the  pump-barrel 

168 
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and  the  water  to  be  raised,  as  it  is  evident  that  the  pressure  of  the 
column  of  water  under  the  pump-barrel  cannot  exceed  that  of  the 
atmosphere.  The  height  of  a  column  of  water  which  balances  the 
atmospheric  pressure  is  nearly  84  feet,  hence  the  suction  pipe  of 
an  ordinary  pump  should  not,  in  vertical  height,  exceed  SO  feet. 
This  form  of  piunp,  when  fitted  with  an  exit  valve  at  the  top,  is 
sometimes  called  a  lifting  pump. 

Piston  pumps  are  also  made  with  solid  pistons,  that  is  to  saj, 
having  pistons  solid  throughout,  not  furnished  with  a  valve.  The 
water,  in  this  case,  is  drawn  into  the  lower  part  of  the  pump 
barrel,  through  a  valve  opening  inwards,  and  expelled  through 
another  valve  opening  outwards ;  this  apparatus  is  called  a  forcing 
pump.  The  upper  extremity  of  the  cylinder  may  also  be  ftimished 
with  inlet  and  outlet  valves,  that  water  may  be  drawn  and  forced 
above  as  well  as  below  the  piston,  in  which  case  the  pump  rod 
through  which  motion' is  imparted  to  the  same,  passes  through  a 
stuffing-box  in  the  pump  cover ;  during  the  up-stroke,  this  pump 
is  drawing  beneath  and  forcing  above  the  piston,  and  during  the 
down-stroke,  the  contrary  takes  place ;  this  is  called  a  double- 
acting  force-pump.  The  packings  of  these  pumps  are  usually 
cupped  leathers,  or  leather  collars,  which  may  be  easily  made  by 
pressing  the  leather  into  form  under  the  influence  of  moisture  and 
heat,  after  which  they  may  be  turned  by  means  of  suitable  tools. 

Piston  pimips  are  sometimes  ftimished  with  a  trunk,  being  then 
called  trunk  pumps.  The  trunk  is,  in  fact,  a  hollow  piston  rod,  of 
cylindrical  or  oval  section,  the  object  of  which  is  to  admit  of  the 
use  of  a  long  connecting  rod  which  passes  down  the  trimk,  being 
jointed  to  the  piston  at  the  bottom  of  the  same.  The  various 
forms  of  valves  used  for  the  buckets,  and  to  regulate  the  entrance 
and  the  exit  of  tbe  water,  will  be  subsequently  considered. 

We  will  next  turn  our  attention  to  the  form  and  principle  of 
action  of  that  class  of  apparatus  which  comprises  the  various 
descriptions  of  plunger  pumps.  A  plunger  pump  consists  of  a 
barrel  or  cylinder,  slightly  contracted  at  its  upper  extremity,  fmd 
oitirely  closed  at  its  lower  end ;  within  this  cylinder  another  solid 
cylinder  or  plunger  works ;  its  diameter  being  a  little  less  than 
that  of  the  pump-barrel,  so  that  it  may  not  come  in  contact  with 
the  ffldes  of  the  latter.  The  plunger  thus  formed  works  water- 
tight through  a  stuffing-box  packed  with  leather  or  hemp,  and 
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placed  at  the  upper  or  contracted  extremity  of  the  piunp^barrel, 
which  is  itself  famished  with  two  yalve^  one  of  which  opens  iiv 
wards,  the  other  opening  outwards.  The  action  of  this  apparatus 
h  as  follows.  When  the  plunger  makes  an  up^stroke,  it  tendb  to 
leave  a  vacuum  equal  to  its  own  bulk  in  the  pump-banel ;  thia 
q>aoe  is^  however^  immediately  filled  by  water  entering  through 
the  inlet  valve ;  on  the  descent  of  the  plunger  the  same  quantity* 
of  water  is  expelled  through  the  outlet  valve;  this  pump  also 
acting  as  a  forcing  pump,  and  is  used  generally  for  foeding  steamr 
boilers  and  for  working  hydraulic  presses,  and  is  v^  firequentlj 
applied  to  large  pumping  engines.  When  the  plungers  are  of 
very  great  si2s^  they  are  frequently  made  hollow,  in^  order  to  aav» 
Weight ;  but  it  sometimes  occurs  that  it  is  necessary  for  them  to  be 
hearj,  as  in  the  pumps  of  the  Oormsh  ei^nes^  where  the  plunger 
is  raised  by  steam-power  and  descends  by  the  gravity  of  its  own 
weight  alone,  or  aided  by  extra  weights  placed  upon  the  plunger 
pole.  Plunger  pumps  are  also  sometimes  made  as  trunk  pumps^ 
in  which  case  the  plungers  themselves,  being  hollow,  constitute 
trunks. 

The  plungers  of  these  pumps  having  been  accurately  turned, 
should  be  draw-filed  through  their  whole  length,  the  pacldng%  if 
^  leather,  being  lubricated  with  water,  and  if  oi  hemp,  with  oiL 
The  efficiency  of  pumps  of  the  two  classes  described  above^ 
depends  principally  upon  the  valves,  and  if  these  can  be  made 
perfect  in  their  action,  then  will  a  barrel&ll  of  water  be  raised  at 
each  stroke  of  the  pump.  The  effective  work  done  by  the  pump 
IS  found  from  ihe  expression 

«^  =  10  X  5f  X  Ar 
in  which  w  represents  the  work  done  during  one  stroke,  expressed 
in  fooC  pounds;  q  the  quantity  of  water  raised  during  one  stroke, 
expressed  in  gallons ;  and  h  the  height  in  foet  from  the  level  of 
ihe  water  in  the  well  to  the  point  of  discharge^  that  is  to  say,  the 
height  to  which  the  water  is  raised* 

Centrifugal  pumps  are  now  occasionally  used  for  raising  water 
when  the  lift  is  not  very  great ;  they  act  by  imparting  oentriftigal 
force  to  a  mass  of  water  in .  a  cylindrical  box  or  casing.  The 
moving  part  of  the  pump  consists  usually  of  a  shaft)  upon  whlbh 
ore  placed  arms  carrying  v^es,  the  whole  forming  a  species  of 
fim.    When  this  is  caused  to  revolve  rapidly,  rotatory  motion  is 
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impftitdd  to  ib»  water  in  i(  casing  which  0iitroiiAcl«  ii>  which  (xraaM 
the  latter  to  prsai  against  the  periphery  of  the  caaing;  and  to  piMi 
(mt  al  an  aperture  in  Hie  eame,  whereby  a  partial  vaonnm  oecnn 
about  the  ftzifl  of  the  fiu^  into  which  water  flowa  through  a  euclion- 
pipe.  The  advantage  of  this  pump  ia^  that  it  b  capable  of  paaaiDf 
impednnenttf  which  would  choke  the  talyes  of  an  ordinary  pump^ 
bat  ita  efficiency  is  leas* 

Many  yeaAi  aincey  an  apparatus  called  a  api^^ump  was  pro- 
posed, aonatructed  on  principled  derived  from  the  £Dllowing  cob- 
nderations.  It  was  found  that  if  water  be  allowed  to  fall  freely 
through  air  in  a  fine  ahower,  the  velocity  with  which  the  drops 
fan  does  not  exceed  about  twelve  feet  per  second ;  hence  it  was 
included  that  an  upwaxd  current  of  air,  moving  with  a  vdocilgr 
0^  say  twenty  fleet  per  second,  passed  through  a  stratum  of  water, 
will  carry  with  it  an  upward  shower  to  any  required  height  This 
apparatus  wai^  however,  found  to  be  practically  far  from  economical, 
which  may  be  attributable,  in  a  great  measure,  partly  to  the  &ot 
that  a  high-preesuTe  engine  Was  used  to  propel  the  fim  which 
oreated  the  current  of  air,  and  partly  to  the  inefficiency  of  the  &ti 
itself. 

We  have  mentioned  diis  last  dontrivancd  on  account  of  the 
ingenuity  of  the  principle  on  which  it  is  based ;  .but  it  is  quite 
vnnecessaiy  to  give  any  account  of  the  designs  itmumerable 
which  have  been  brought  forward  for  raising  water,  and  which 
have  never  been  carried  successfully  into  practice. 

It  now  remains  to  describe  the  various  forms  of  valves  most 
commouly  used  for  pumps.  The  clack-valve  is  probably  the 
oldest,  and  is  very  simple.  It  consists  of  a  flap  of  leather,  or 
ether  suitable  material,  covering  an  orifice  and  fixed  down  at  one 
edge,  so  as  to  open,  as  it  Were,  on  a  hinge;  the  leather  flap 
requires  to  be  covered  top  and  bottom  on  the  central  part  with 
plates  of  metal,  in  order  to  add  to  itd  weight,  so  that  it  may  dose 
rapidly  and  impart  to  it  sufficient  rigidity.  These  Valves  are  fre- 
quent^ made  of  india-rubber  closing  upon  a  grating,  instead  of 
over  one  large  opening,  and  a  method  has  recently  been  brought 
forward,  whereby  that  part  of  the  valve  which  is  bolted  down  to 
form  a  hinge  is  made  of  hard  india-rubber,  thereby  obviating  the 
nedeasity  of  tksing  strips  of  iron  to  form  a  hold  for  the  bolts  which 
f(>rmerly  exiated*    Guards  are  fixed  over  the  valves  to  prevent 


Iffi  HECHAKIOAL  SKGimCKRIKG. 

them  fix>m  rising  too  liiglu  When  tmb  piece  of  leather  or  other 
substance  used  for  the  valve  is  fastened  down  in  the  centre,  so  as 
to  form  two  clacks,  the  arrangement  is  termed  the  butterflj  clack. 
The  principal  disadvantages  attendant  upon  the  adoption  of  this 
form  of  valve  in  large  pumps,  are,  firstly,  the  loss  of  water  caused 
by  the  slowness  with  which  the  valve  closes,  the  column  of  water 
above  it  beginning  to  return  before  the  valve  reaches  its  seat ;  and 
secondly,  the  great  concussions  produced  by  the  fSedl  of  the  valve 
with  the  column  of  water  upon  it,  the  lo^s  of  water  dimng  the 
closing  of  the  valve  sometimes  amounting  to  one-eighth  of  the 
whole  quantity  raised. 

The  next  form  of  valve  to  which  we  shall  refer  is  the  conical 
valve,  which  consists  of  a  flat  or  slightly-curved  plate  of  metal, 
of  which  the  periphery  is  in  the  form  of  a  frustrum  of  a  cone, 
fitting  into  a  seat  of  corresponding  form.  In  order  that  this 
valve  may  rise  vertically,  it  is  sometimes  furnished  with  a  spindle, 
moving  in  guides,  and  sometimes  l^mished  with  a  tail  or  stalk  in 
the  form  of  a  triple  feather,  proceeding  from  its  lower  surfiu^e,  and 
fitting  the  pipe  beneath  the  valve.  Stops  are  placed  above  the 
valves  to  limit  their  rise. 

Another  form  of  valve  consists  of  a  short  india-rubber  tube, 
flattened  at  the  eslremity.  When  water  is  forced  into  the  open 
end  of  such  tube,  it  passes  through,  forcing  open  the  flattened  ex* 
tremity ;  but  in  the  contrary  direction,  pressure  closes  the  tube 
more  eflfectnally. 

It  is  a  great  desideratum  to  obtain  a  valve  which  shall  close 
rapidly,  so  that  it  may  reach  its  seat  before  the  column  of  water 
above  it  begins  to  return,  whereby  loss  of  water  is  obviated  and 
concussions  avoided.  In  order  to  obtain  effects' so  desirable,  va* 
rious  forms  have  been  produced,  of  which  the  best  is  the  double- 
beat  valve  of  Messrs.  Harvey  and  West,  of  which  a  vertical  section 
is  shown,  Fig.  89.  This  valve  has  two  seatings,  b  b  and  c  c,  and 
when  the  valve  is  raised  by  the  pressure  of  the  water  beneath  it, 
the  latter  flows  out  in  the  directions  indicated  by  the  arrows,  a  a  Is 
a  collar  which  prevents  the  valve  from  rising  too  high ;  washers 
of  leather  are  placed  beneath  this  collar  to  obviate  the  blow  of 
the  valve  in  rising, 

Another  form  of  valve,  by  Jenkyns,  consists  of  a  disc-valve^ 
itself  perforated,  so  as  to  form  the  seat  for  another  disC'Valve;  the 
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umbei  thuB  enperpoBed  'd^>eiidiiig  apoo  the  diameter  of  the 
dfice  whioh  the  tsIto  ia  designed  to  close.    Another  descriptaon 


c^  Tslre  which  haa  been  proposed,  consists  of  nnmerona  ooooen- 
trie  annolar  orifices  dosed  by  rings,  and  this  has  recently  been 
improred  upon  by  making  the  rings  of  india-rubber,  as  done  in 
Mr.  Hoekang'B  valve. 

A  valve  commonly  used  for  locomotive  feed  pnmp^  oonsista  of 
an  accurately-formed  sphere  of  metal,  &lling  into  a  spherical  seat, 
its  rise  being  regulated  by  gnards. 

The  sor&ces  of  contact  between  valves  and  their  seats  must  be 
get  up  by  scraping  or  grinding,  so  as  to  exhibit  the  highest  degree 
of  accuracy  attainable.  And  when  of  metal,  they  should  both  <^ 
them  be  of  the  same  metal,  as  otherwise  galvanio  action  is  pro- 
doced,  causing  the  corrosion  of  that  sor&ce  which  is  formed  of  the 
most  electrically-positive  metah  Ratings  formed  of  hard  wood, 
placed  with  the  grain  endways^  and \ept  constantly  vet^  are  found 
BUiafactory  in  practice. 

Before  concluding  our  observations  upon  valves,  a  few  remarks 
on  the  height  of  rise  which  ^ould  be  allowed,  and  upon  the  power 
required  to  work  them,  may  not  be  inappropriate. 

It  is  evident,  that  for  the  whole  effect  of  a  valve  to  be  obtained, 
its*  rise  should  be  such  that  the  waterway  between  the  seating  and 
the  edge  of  the  valve  be  not  leas  than  the  area  of  the  valve.  Foi 
a  aemioiTcular  clack-valve  the  extreme  rise  ia  fbond  aa  foUows 
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Let  r  OS  radius  of  yalv^  h  =?  height  of  rise,  the  area  of  the  vuXve 

ifill  ^dently  be 

_  3-1416  r» 

and  the  waterway  between  the  seating  of  the  valve  and  the  edge 

of  the  same  will  be 

31416  r  h 

hence  the  whole  area  could  only  be  utilized  when  the  valve  opens 
to  a  vertical  position,  which  is  <^  course  inadmissible ;  hence  valves 
of  large  radius  must  be  employed.  ' 

For  disc-valves,  we  have,  for  the  area  of  the  valve, 

8.1416r» 
and  for  the  waterway  between  the  valve  and  its  seating 

6-2832  r  h 
hence,  the  proper  rise  is  found  from  the  expression 

7hi9  also  applies  to  the  ballnolsick. 

In  the  double-beat  valve,  let  r  =5  the  lessep^  ai^  i^  th^  gi^eat^r 
dwfk^tfar,  for  tii9  ^^aitipgs ;  then  th^  #ffe^V0  .m^  pf  libe  y»lye  is 

o3  8'1416f^ 

aad  the  area  of  waterway  given  by  the  rise  of  the  valvi^  is 

It  vfi2f7  be  observed  that  if 

the  valve  is  not  affected  by  any  difference  of  pressiire  above  fAd 
below  it ;  it  is  then*  called  an  equiUlmuia-valve,  which  is  mwih. 
tised  in  Cornish  pumping  eaagines,  and  the  i;iearer  tlie  value  q£  y 
approaches  to  r^,  the  greater  will  b^  t^e  jHressur^  reqiu^  pe^ 
aquar^  imh  to  opia^  th^  valve. 
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Tm  a  previow  ohi^r  ire  baTB  «et  forth  .the  principles  upon 
vjaoh  flteam-bDileiB  genendlj  are  ooiutnieted,  and  in  the  prseenl 
w&  prc^Kwe  to  irader  an  aceoimt  of  thoee  generally  nied ;  for  which 
parpoee  we  hare  carefully  selected  such  examples  as  appeared  best 
suited  to  give  a  general  idea  of  the  objects  aimed  at  in  the  con- 
atmotion  of  steam-boilers  and  of  the  means  employed  to  attain 
such  ohjeets,  « 

Perhaps  l!he  simplest  (dtm  of  boiler  now  largely  employed 
to  gexierate  the  steam  requisite  to  actuate  steam^ngiaes,  is  thai 
Icnown  as  the  Cornish  boiler.  It  consists  of  an  external  cylindricid 
shelly  through  which  passes  a  tube  which  aenres  to  carry  the  flame 
and  heated  air  firom  the  furnace.  The  extremities  of  the  boiler 
being  dosed  by  flat  {dates,  the  water  is  contained  in  the  space  inr 
duded  between  the  inner  and  outer  cylinders. 

The  thickness  requisite  to  each  part  of  the  boiler  may  be 
determined  from  the  following  formulae  with  quite  sufficient  ac- 
curacy for  all  practical  purpose^  the  boiler  being  made'Cif  vroug^ 
iron. 

Let  r  s=  radius  of  outer  shell,  r'  =  radius  of  inner  shell  or  flue, 

t  f  thickness  of  outer  and  inner  shells,  t"  thickness  of  end  plates^ 

all  in  inches,  I  =s  length  of  flue  in^  feet,  p  ^=  greatest  pressure  in 

lbs.  per  square  inch  to  which  the  boiler  will  be  subjected. 

Then 

jp.  r. 


7500 

pTT? 


J 


60,000 
and 
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FormulsB  for  determining  the  evaporative  values  of  boilers  have 
been  given  already  in  Chapter  X. 

In  order  to  exemplify  the  above-mentioned  form  of  steam-boiler 
we  have  shown  a  longitudinal  section  of  such  an  one  on  Plate 
Xin.  The.  boiler  there  represented  has  been  erected  bj  Mr. 
Wicksteed  to  supply  the  new  pumping  engine  at  the  Scarborongh 
Waterworks,  at  Gayton  Bay.  The  boiler  consists  of  an  external 
shell  and  an  internal  flue,  and  is  furnished  with  the  usual  ap- 
pendages, safety  valves,  pressure  guages,  &c.  It  has  been  the 
oustom  to  attach  to  .such  boilers  a  pipe  to  carry  off  the  steam 
escaping  from  the  safety  valve,  but  it  is  evident  that  under  proper 
management  no  such  escape  should  occur ;  hence  that  detail  is  not 
added  to  the  boiler  illustrated. 

These  boilers  are  manufSeu^tured  by  riveting  together  a  sufficient 
number  of  wrought-iron  plates  of  suitable  size,  and  the  work 
should  be  so  arranged  as  to  break  joint ;  that  is  to  say,  the  longi- 
tudinal joint  in  one  pair  of  plates  should  occur  in  a  line  witb  the 
centre  of  a  plate  in  the  next  ring  of  plates,  so  that  a  horizontal 
section  through  the  shell  of  the  boiler  at  this  place  may  exhibit 
half  joint  and  half  solid  plate,  and  it  is  upon  this  supposition  that 
the  above  formula  for  the  outer  shell  has  been  calculated ;  for  if 
the  joint  runs  longitudinally  from  end  to  end  of  the  boiler  it  will 
become 


t 


p.r. 


5000 
and  if  the  metal  were  solid  throughout 


10,000 

From  this  formula  it  is  evident  that  the  thickness  of  a  vessel 
subject  to  internal  pressure,  of  circular  section  and  with  thin  sides, 
should  vary  directly  as  the  radius  and  as  the  pressure ;  benoe  if 
radius  and  pressure  both  increase,  the  corresponding  thickness 
will  increase  very  rapidly ;  hence  it  becomes  desirable  that  when 
very  high  pressures  are  requisite  the  radius  shotdd  be  as  small  as 
possible,  to  avoid  the  use  of  metal  of  thickness  greater  than  is 
absolutely  necessary  to  satisfy  the  conditions  of  safety. 

In  accordance  with  these  views, ,  various  designs  have  been 
originated  in  order  to  obtain  boUers  which  should  possess  at  once 
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the  qtialifloationfl  of  strength  and  lightness,  and  one  of  the  best 
adapted  to  these  requirements  is  -  illnistrated  in  vertical  horizontal 
section  at  Plate  XIY^  having  been  invented  and  patented  by  Mr. 
Craddock,  and  capable  of  working  safely  under  a  pressure  of  from 
two  to  three  hundred  pounds  per  square  inch. 

This  boiler  will  be  observed  to  consist  of  numerous  water  tubes 
placed  side  by  side  in  close  contact  around  a  fire,  and  forming  as 
it  were  the  sides  of  the  furnace,  and,  by  the  form  thus  produced, 
ofifering  a  very  large  surfiace  to  the  action  of  the  flame  in  com- 
parison to  the  contents  of  the  tubes,  and  the  smaller  the  tubes 
become  the  greater  is  this  effect.  The  area  exposed  to  the  action 
of  the  heat  is  found  from  the  following  formula : 

Let  d  :=  diameter  of  furnace  in  feet,  h  =  total  height  of  tubes 
above  fire-grate  in  feet,  a  ==  absorbing  sur&ce  in  square  feet, 

a  =  6  dJi.  nearly. 

Taken  vertical  surface  as  equal  to  half  the  horizontal  sui&ce,  the 
nominal  horse-power  becomes 

^  25  dh 
81 

=  0S08.  d.  h.  nearly.  • 

These  water  tubes  terminate  top  and  bottom  in  stout  wrought* 
iron  vessels  called  hearts,  and  the  upper  heart  is  surmounted  by  a 
steam-dome,  placed  in  the  uptake  of  the  chimney,  whereby  the 
steam  is  partly  dried ;  to  this  dome  the  gauges,  valves,  &o.,  are 
attached.  The  water  tubes  are  deviated  from  their  vertical 
positions  at  top  and  bottom  to  allow  the  entrance  of  air  to  effect 
combustion  and  the  exit  of  flame  and  heated  gases ;  and  they  are 
,  also  deviated  in  front  of  the  grate  to  admit  of  the  insertion  pf  a 
fire  door.  The  course  of  the  current  of  air  and  gases  is  as  follows. 
The  atmospheric  air  required  to  effect  the  combustion  of  the  coal 
enters  under  the  gratb  through  an  orifice  left  beneath  the  furnace 
door,  whence  it  passes  through  the  incandescent  fuel  and  upwards 
to  the  bottom  of  the  upper  heart,  whence  it  escapes  through  the 
openings  between  the  upper  extremity  of  the  tubes;  thence  it 
passes  down  between  the  outside  of  the  tubesL  &nd  the  masonry, 
and  finally  escapes  into  the  uptake.  The  horse-power  equivalent 
to  the  inner  absorbing  surface  has  been  given  above,  and  a  similar 
formula  will  give  that  which  is  due  to  the  external  absorbing 
12 
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8tir£Ek06.  This  boiler  was  found  to  work  very  economically,  bat 
by  reason  of  the  small  quantity  of  water  which  it  contains  requires 
dome  rather  delicate  contrivance  to  regulate  the  draft,  which  is 
supplied  by  a  self-acting  damper  opened  by  an  air  spring,  which 
consists  of  a  quantity  *of  air  imprisoned  in  the  closed  enci  of  a 
Cylinder,  and  acted  upon  by  a  piston  fitting  such  cylinder  air- 
tight and  carrying  a  piston  rod  connected  with  the  self-acting 
damper.  The  inventor  found  the  air  spring  preferable  to  any 
arrangement  of  metal  springs. 

Let  us  now  see  what  must  be  the  thickness  of  the  tubes  of  whioh 
the  boiler  is  composed,  supposing  them  to  be  of  good  wrought* 
iron,  solid  throughout,  three  inches  in  diameter,  and  intended  to 
work  under  a  pressure  of  250  lbs.  per  square  inch. . 

By  the  formula  Ibr  cylinders  w^  have 

ioooo 

_  250x1-5 
"    10000 

=  0-0375  metes 

for  the  best  Low-njoor  iron.  Hence  we  see  that  this  boiler,  if 
made  with  tubes  of  which  the  metal  was  one  twelfth  of  an  inch 
thick,  would  be  safer  from  the  danger  of  explosion  than  an 
ordinary  boiler  wotking  at  a  low  pressure— of  course,  supposing 
that  the  hearts  be  made  of  ample  strength. 

The  evaporative  efficiency  of  this  boiler  will  of  course  be  im- 
proved l)y  the  thinness  of  the  metal  through  which  the  heat  is 
transmitted  from  the  furnace  to  the  water  to  be  evaporated. 

Various  kinds  of  boilers  have  been  proposed  and  constructed 
with  a  view  to  obtaining  the  advantages  belonging  to  that  whicli 
we  have  just  described ;  but  it  does  not  appear  that  it  has  yet  been 
surpassed  for  economy,  although  its  introduction  is  perhaps 
retarded  by  the  prejudice  existing  against  the  employment  of  very 
high  pretssures  in  steam-machinery. 

We  will  next  proceed  to  describe  types  of  the  most  common 
forms  of  marine  boilers,  and  for  this  purpose  will  select  two 
examples :  one,  Plate  XV.,  being  illustrative  of  an  ordinary  flue 
boiler ;  and  the  other,  Plate  XVI.,  exhibiting  the  construction  of 
a  marine  flue  boiler,  both  being  longitudinal  sections. 
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Tbe  floe  boiler  consists  of  a  box-shaped  boiler  with*  flat  or 
slightlj.  cnrved  sides,  within  which  is  the  furnace^  having  at  its 
posterior  extremity  a  fire  bri^e,  beyond  which  the  flue  passes  on 
nearly  to  the  end  of  the  boiler,  when  it  rises  and  returns  along  the 
upper  part  of  the  boiler,  entering  the  uptake  of  the.  chimney  near 
the  front  of  the  same.  The  steam  is  partially  dried  by  resting  in 
contact  with  the  casing  of  the  uptake. 

The  sides  of  this  kind  of  boiler  being  flat,  necessarily  require  to 
be  strongly  braced  by  numerous  ties,  pitched  from  14  to  18  inches 
apart,  according  to  circumstanced.  The  pressure  at  which  such 
boilers  are  worked  seldom  exceeds  about  88  lbs.  per  square  inch, 
and  is  more  generally  about  20  lbs.  per  square  inch. 

The  tubular  marine  boiler  is  shown  in  longitudinal  section  on 
Plate  XYL  It  is  similar  to  the  flue  boiler  in  general  form ;  but 
the  large  flue  is  replaced  by  numerous  small  tubes,  whereby  a 
larger  amount  of  heating  smbce  is  obtained.  The  air  required 
for  combustion  enters  the  ash-pit,  passes  through  the  fire  into  the 
chamber  at  the  posterior  end  of  the  furnace,  whence  it  finds 
its  way  to  the  uptake  through  the  numerous  small  tubes  described 
above. 

Locomotiye  boilers  consist  usually  of  two  parts,  presenting  in 
longitudinal  section  the  aspect  shown  Plate  XXV.  The  one  part 
contains  the  furnace  or  fire-box,  which  is  surrounded  on  all  sides 
saye  the  bottom  by  water ;  ties  are  used  to  strengthen  the  flat 
sides  of  the  fire-box,  and  the  crown  of  the  same  is  furnished  with 
ribs. 

In  designing  boilers  of  any  description,  care  should  be  taken  so 
to  form  the  various  parts  that  there  may  be  no  impediment  to  the 
escape  of  the  steam  to  the  upper  part  of  the  boiler  as  rapidly  as  it 
is  generated ;  and  for  this  purpose  the  joints  should  be  arranged 
80  that  the  recesses  formed  may  not  detain  the  bubbles  of  steam 
as  they  rise ;  also  the  sides  of  flues  should  not  be  made  vertical, 
but  inclined,  so  that  the  water  spaces  may  be  somewhat  wider  at 
the  top  than  at  the  bottom. 

The  manu&cture  of  boilers  is  very  simple.  Where  it  is  required 
to  rivet  various  plates  together,,  they  are  usually  first  punched, 
then  placed  in  juxtaposition  and  the  holes  trued  by  broaching  or 
rhyming  them  out. 

The  rivets  are  made  of  bar-iron,  being  formed  with  one  head : 
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these  riVeta,  when  required  for  use,  are  raised  to  a  cherry-red. or 
white  heat^  inserted  into  their  places,  hM  there  retained  by 
holding  a  hammer  against  the  head  while  the  straight  end  is  first 
hammered  up  into  the  form  of  a  head,  and  then  finished  off  in  a 
conical  or  hemispherical  form  by  means  of  swages  which  are 
called  snaps.    The  riveting  may  be  done  either  by  hand  or  by 

machinery. 

The  stays  are  sometimes  secured  by  screwing  the  ends  and 
fitting  nuts  upon  them ;  sometimes  by  riYCting  and  sometimes  by 
screwing  and  riveting.  Eiveting  may  occasionally  be  employed 
for  securing  metal  when  cold. 

The  tubes  of  multitubular  boilers  may  be  fixed  either  by  rivet- 
ing the  ends  over  the  tube  plates,  or  by  driving  in  ferules  to 
spread  the  ends,  the  apertures  in  the  tube  plates  being  slightly 
conical ;  and,  lastly,  the  tubes  may  be  screwed. 

Whenever  plates  intended  to  be  riveted  can  at  all  conveni- 
ently be  drilled,  this  method  of  perforation  should  be  adopted,  as 
by  punching  the  metal  is  strained  and  the  apertures  thus  produced 
are  not  cylindrical ;  also  it  is  desirable  that  the  plates  shall  not, 
when  partly  riveted  together,  be  forced  to  fit  by  driving  drifts 
through  the  opposite  holes,  as  thereby  a  strain  is  thrown  upon  the 
shell  to  which  it  should  not  be  subjected. 

Land  boilers  are  usually  set  in  masonry,  and  marine  boilers  in 
cement.  • 

We  have  omitted  to  mention  hitherto  the  appendages  which  are 
common  to  all  boilers.  These  .are  safety  valves,  loaded  according 
to  the  pressure  under  which  the  boiler  is  intended  to  work ;  the 
valve*  may  be  acted  upon  directly  by  a  weight  or  through  the 
medium  of  levers,  as  shown  in  the  illustration,  Plate  XIH.;  or 
they  may  be  kept  down  by  springs  acting  through  levers,  and 
this  is  the  method  commonly  used  in  locomotives. 

Steam-pressure  gauges  are  also  requisite ;  they  were  formerly 
made  of  a  syphon-formed  tube  containing  mercury,  the  difference 
of  the  heights  of  the  mercury  in  the  two  legs  of  the  syphon  indi- 
"  eating  the  pressure  of  the  steam.  The  most  portable  and  conve- 
nient steam-gauge  now  manufactured  is  that  of  M.  Bourdon, 
which  consists  of  a  curved  tube  into  which  the  steam  has  free 
access,  and  the  steam  by  its  pressure  tends  to  straighten  the  tube^ 
this  tendency  being  opposed  by  the  elasticity  of  the  tube.    By 
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means  of  suitable  connections  the  motion  of  the  tube  is  commum- 
cated  to  an  index  placed  upon  a  dial,  graduated  to  show  pounds 
pressure  per  square  inch.  These  gauges  are  also  made  to  show 
vacuumi^.  Oifford's  injector  is  now  frequently  appended  to  steam- 
boilers,  to  act  in  place  of  a  feed-pump.  In  this  apparatus  a  jet 
of  steam  passes  fit>ni  the  boiler  through  a  mouth-piece,  and  is 
partly  condensed,  when  it  forces  its  way  through  another  mouth- 
piece into  the  boiler  again,  carrying  with  it  a  quantity  of  feed* 
water  Its  action  may  ^pear  paradoxical,  but  is  in  reality  very 
simple,  being  as  follows.  - 

Suppose  the  area  of  the  orifice  from  the  boiler  to  be  one  square 
inch,  then  the  steam  passing  from  tUs  aperture  with  any  given 
velocity,  it  may  be  partially  condensed  without  losing  this  velocity, 
80  that  the  same  amount  of  energy  will  be  concentrated  upon  a 
smaller  area ;  hence,  when  so  partially  condensed,  it  can  readily 
re-enter  the  boiler  and  carry  other  water  with  it  This  apparatus 
will  not  act  if  the  temperature  of  the  water  be  much  above  110^ 
•Fak 

In  addition  to  the  above  appendages,  man-holes,  mud-holes, 
fdmished  with  doors,  and  blow-through  cocks,  are  requisite,  to 
allow  of  the  cleansing  of  the  boilers :  also  guage-glasses  to  show 
the  level  of  the  water  in  the  boilers. 


CHAPTEE  XVI. 
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The  three  purposes  whicli  propellers  are  mtended  to  ftilfil 
are;^  the  propulsion  of  ocean  steamers,  riyer  steamerS;  and  canal 
steamers,  the  latter  consisting  of  tugs  only ;  and  the  conditions  to 
be  satisfied  are  somewhat  different  for  each  class.  Ocean  steamers, 
l)eside8  requinng  efficient  power  for  the  arduous  work  occasionally 
before  them,  demand  that  the  machinery  should  be  so  placed  as  to 
be  as  safe  as  possible  from  enemies'  shot ;  river  steamers  require  to 
be  compact ;  canal  boats  must  be  of  light  draughty  compact,  and 
must  have  their  propelling  apparatus  of  such  form  as  may  not 
cause  injury  to  the  banks.  For  these  purposes  only  two  propellers 
•have  hitherto  been  brought  into  general  use,  namely,  the  paddle- 
wheel  and  the  screw ;  and  to  these,  and  one  form  of  the  hydraulic 
^  propeller,  we  purppse  now  to  devote  a  few  brief  remarks. 

The  paddle-wheel,  being  the  longest  established,  first  demands 
attention.  It  is  manufactured  in  two  forms :  paddles  with  radial 
float-boards,  and  feathering  paddles.  In  the  first  the  float-boards 
are  firmly  fixed  upon  radial  arms;  and  in  the  second  they  are 
formed  so  as  to  be  movable  upon  an  axis,  their  positions  with  re- 
gard to  the  horizon  being  regulated  by  means  of  rods,  of  which 
the  outer  extremities  are  attached,  by  pins,  to  arms  upon  the  axes 
or  gudgeons  which  carry  the  float-boards,  their  inner  ends  being 
similarly  connected  with  the  periphery  of  a  ring  fixed  somewhat 
eccentrically  to  the  paddle-shaft.  The  action  of  the  floats  of  a 
paddle-wheel  is  as  follows.  Let  us  direct  our  attention  to  one  float- 
board,  the  engine  being  at  rest  and  the  vessel  in  still  water.  Then 
if  the  engine  be  started,  a  pressure  will  be  exerted  upon  the  water 
behind  the  float,  which  will  pass  through  the  water,  a  certain 
amount  of  motion  being  at  the  same  time  communicated  to  the 
Vessel  itself, — the  velocity  attained  being  proportional  to  the  pres- 
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sure  existing  between  the  float-board  and  the  water.  Now,  it  13 
evident  that  while  the  float-board  is  at  rest,  no  pressure  is  exerted 
upon  the  water ;  bat  when  it  begins  to  move,  resistance  becomes 
manifest,  such  resistance  increasing  as  the  square  of  its  velocity ; 
hence  if  there  be  any  motion  of  the  vessel,  there  must  also  be 
some  yielding  of  the  water  in  a  direction  opposite  to  that  of  the 
vessel,  and  if  the  yieldiog  or  part  of  the  yielding  of  the  water 
takes  place  in  any  other  direction,  there  is  a  loss  of  power.  With 
the  common  radial  paddle-wheel  the  water  yields  in  a  variety  of 
directions,  corresponding  with  the  positions  of  the  various  floats 
at  any  moment  And  besides  this,  a  portion  of  the  water  between 
the  float-boards  necessarily  acquires  some  centrifugal  force,  which 
throws  it  out  from  the  wheel  radially,  and  thus  some  energy  is 
wasted  in  useless  work.  With  the  feathering  paddles  the  action 
is  somewhat  different  &om  the  above;  but  there  exist  to  some 
extent  the  same  disadvantages. 

The  screw-propeller  has  for  some  time  enjoyed  a  reputation 
superior  to  that  of  the  paddle-wheel,  notwithstanding  that  its  use 
is  accompanied  by  serious  disadvantages.  In  the  first  place  the 
situation  of  the  screw  tends  to  remove  from  the  stem  of  the  vessel 
the  back  water,  thereby  leaving  a  deficiency  of  pressure  at  the 
stem  of  the  vessel,  which  is  equivalent  to  increased  resistance  at 
the  bows ;  again,  considerable  centrifugal  force  is  imparted  through 
the  water  in  contact  with  the  screw,  which  is  accordingly  dispersed 
radially ;  a  corresponding  amount  of  energy  being  wasted,  and  at 
the  same  time  the  concussion  of  such  water  as  passes  upwards 
against  the  dead  wood  of  the  vessel  produces  vibration.  The 
resistances  which  a  screw  has  to  overcome  in  a  heavy  sea  are 
probably  on  the  whole  much  more  uniform  than  those  which  are 
opposed  to  the  motion  of  paddles,  whereby  the  alternate  racing 
and  stopping  of  the  engines  are  much  reduced,  but  nevertheless, 
this  injurious  action  exists  in  a  very  considerable  degree. 

The  hydraulic  propeller  has  been  brought  forward  at  various 
times  in  a  variety  of  forms,  but  hitherto  it  appears  to  have  failed 
as  a  practical  propeller.  We  may  instance  Kuthven's  propeller,- 
also  the  hirudine  propeller.  Buthven's  propeller  consisted  of  a  fan 
or  rotatory  pump,  which  expelled  water  through  the  extremities 
of  channels  towards,  the  stem  of  the  vessel.  The  motion  of  the 
vessel  was  due  to  the  reaction  of  the  issuing  jets  of  water ;  the 
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orifices  from  which  these  jets  proceeded  were  placed  above  the 
water-line,  hence  the  resistance  offered  to  the  exit  of  the  water 
was  that  due  to  the  pressure  of  the  atmosphere ;  it  is  therefore  not 
difficult  to  imagine  that  this  propeller  proved  useless  as  an  econom* 
ical  means  of  obtaining  motion.  If  the  orifices  mentioned  above 
be  closed,  the  pump  may,  nevertheless,  be  worked,  and  it  will  in 
such  case  impart  only  a  whirling  motion  to  the  contained  water ; 
whence  it  appears  that  this  propeller  admits  of  the  engine  being 
driven  without  producing  any  useful  effectl 

The  hirudine  propeller  consisted  of  a  tube  in  which  was  a  dia- 
phragm, so  formed  that  by  means  of  vertical  rods  a  wave  was  pro- 
duced in  it  passing  backwards,  thereby  carrying  the  water  from 
the  bows  of  the  vessel  and  expelling  it  at  the  stem,  so  as  to  impart 
to  the  vessel  a  forward  motion  by  the  reaction  of  the  water  thus 
ejected, — ^the  action  of  course  being  intermittent,  the  water  passing 
through  the  tube  in  waves.  This  apparatus  appears  to  present 
fairer  prospects  of  success  than  that  last  described,  but  it  is  many 
ways  complicated  and  inconvenient.  The  name  was  given  on  ac- 
count' of  some  supposed  resemblance  to  the  action  of  a  leech, 
though  the  true  principle  of  the  propeller  can  scarcely  be  re- 
garded as  analogous  to  the  principle  of  propulsion  exhibited  by 
the  leech. 

The  two  propellers  above  described  possess  the  great  advantage 
of  acting  only  in  that  direction  in  which  the  greatest  effect  is  pro- 
duced, namely,  in  a  direction  parallel  to  the  vessel's  course; 
whereas  the  paddle-wheel  only  acts  in  this  direction  in  one  posi- 
tion, and  then  al^  imparts  centrifugal  force  to  the  atoms  of  water 
with  which  the  float  board  is  in  contact,  and  this  force  is  also  pro- 
duced by  the  screw-propeller.  • 

Neither  Euthven's  nor  the  hirudine  propeller  has  come  into 
use,  but  of  the  two  we  think  the  latter  the  best,  as  the  resistance 
of  the  water  is  employed  instead  of  that  of  the  atmosphere,  while 
the  parallel  action  of  the  propeller  is  retained. 

More  recently  this  same  principle  has  been  adopted  in  an  inge- 
nious apparatus  designed  by  Mr.  C.  G.  Gumpel,  and  patented  by 
him  a  short  time  since.  Plate  XVII.  shows  various  views  of  the 
apparatus  alluded  to.  Beneath,  or  flush  with  the  level  of  the 
bottom  of  the  vessel,  is  placed  a  rectangular  channel,  running  fore 
and  aft,  and  expanded  at  the  centre  into  a  large  chamber,  above 
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wUcli  are  placed  two  cylinders,  fitted  with  water-tight  pistons.  If 
we  suppose  one  of  these  pistons  to  ascend,  water  will  evidently 
enter  the  channel  and  fill  up  the  cylinder  beneath  it,  following  the 
piston  as  it  rises,  and  its  descent  will  of  course  be  accompanied 
with  the  expulsion  of  the  water  beneath  it ;  and  the  action  of  the 
apparatus  is  such,  that  when  one  piston  is  ascending  the  other 
is  descending,  a  regulating  valve  being  introduced  in  the  large 
chamber  mentioned  above,  which  so  acts  that  the  water  passing 
throngh  the  propeller  ^ters  at  the  fore*end  of  the  channel,  and 
passes  out  at  the  after-end, — ^the  orifices  through  which  it  passes 
heing  capable  of  a  variation  of  area  to  suit  the  velocities  at  which 
it  may  be  desired  to  propel  the  vesseL  In  the  Plate,  Fig.  1  repre* 
Bents  a  longitudinal  section,  and  Fig.  2  a  plan  of  the  apparatus 
AB  is  the  channel,  C  D  are  the  pistons^  E  E  the  regulating  valve^ 
shown  in  position  suitable  when  0  is  ascending  and  D  descending ; 
on  the  contrary,  k  b  shows  the  position  of  the  valve. 

It  woulok  be  premature  to  advance  any  decided  opinion  on  the 
practical  utility  of  this  invention ;  but  t^  author  can  testify  to  the 
satisfactory  results  of  numerous  experiments  tried  with  a  small 
model  at  various  times  and  under  a  variety  of  adverse  circum* 
Btaooes. 


CHAPTER  XYIL 

OS  VABIOUS  APPMOATIONS  OF  STKAM-POWKB,  AND 
APPABATXIS  CONNECTED  THEREWITH* 

« 

In  the  foregoing  chaptem  we  have  treated  especially  of  those 
forms  of  machiaeiy  and  processes  which  are  of  common  applica- 
tion, in  which,  however,  numerous  applications  of  steam-power 
and  appendages  to  prime  movers  have  of  necessity  been  passed 
over ;  wherefore,  the  following  pages  will  be  devoted  to  the  con- 
sideration of  some  of  the  subjects  previously  omitted, 

Wh  will  commence  with  stationary  engines.  Of*  these  the 
pumping  engines  appearlto  be  the  first  found  of  practical  utility, 
and  even  at  the  present  ^y  the  Cornish  pumping  engine  of  1835 
is  scarcely  surpassed  in  point  of  economy ;  but  the  improvements 
suggested  by  Mr.  Wicksteed  in  adapting  the  pump-work  to  water- 
works purposes,  and  other  improvements  of  less  importance,  have 
produced  a  greater  economy,  as  is  clearly  shown  in  the  comparison 
of  long  working  of  the  two  engftes  at  the  East  London  Water- 
works as  compared  with  the  two  best  engines  in  Cornwall.  (See 
"  Further  Elucidations,"  &c.    Weale,  1859.) 

It  may  be  interesting  here  to  pause  for  a  moment  to  compare 
the  economy  of  engines  built  twenty  years  ago  with  those  of  the 
present  day;  but 'we  are -at  once  confronted  with  a  diificulty  not 
easily  surmounted,  namely,  the  want  of  reliable  experiments.  Ex- 
periments, it  is  true,  are  recorded  in  sufficient  number,  but  the 
reliability  of  many  of  these  is  indeed  very  questionable,  for  they 
are  usually  continued  for  about  twenty-four  hours  or  less,  and  the 
results  of  this  short  working,  if  considered  favorable,  are  Ihen  re- 
ported. The  inutility  of  such  trials  is  sufficiently  evidenced  by 
the  table  on  page  5  of  Mr.  Wicksteed's  "Experimental  Enquiry," 
published  in  1841,  which  shows  the  results  of  short  trials  upon 
the  same  engine  with  coals  taken  from  the  same  heap ;  the  mini- 
mum duty  produced  by  94  lbs.  of  coals  was  63,650,298  ft.-lba,, 
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and  the  maxunum  duty  reached  118,522,475  fL-lbe.,  or  nearly 
twice  the  minimum  duly  *  ^ 

The  existence  of  such  facts  as  these  will  naturally  make  those 
interested  in  the  economy  o£  steam-power  careful  to  know  the  cir- 
ctunstances  under  which  engines  are  experimented  upon,  to  avoid 
the  disappointment  of  finding  the  working  economy  of  steam^ 
power  far  inferior  to  that  deduced  from  experiments.    The  only 
cases  which  can  be  quite  satisfiuitory  to  the  practical  man  are 
those  where  all  the  particulars  of  the  trials  are  published ;  such^ 
for  instance,  as  quantity  of  water  evaporated,  duration  of  trial, 
state  of  fires,  &c.,  &c.:  the  duty  given  alone,  without  any  account 
of  the  evjiporative  value  of  the  fuel  used,  being  almost  useless. 
Suppose,  for  instance,  the  consumption  of  fuel  only  in  the  "Thetirf' 
and  "  Inca"  during  the  experiments  published  some  time  since,  be 
taken  into  consideration,  it  will  give  a  vast  superiority  to  the  for- 
mer, whereas^  when  allowance  is  made  for  the  difierent  evaporative 
values  of  ihe  fuel  employed,  the  difference  of  economy  in  the  two 
vessels  is  small.    The  only  trials  with  which  we  are  acquainted 
which  supply  all  that  can  be  desired,  are  those  published  in  the 
"Experimental  Enquiry"  alluded  to  above,  and  we  are  further 
strengthened  in  the  opinion  that  no  others  are  extant  from  the  re* 
marks  in  Bourne's  "  Treatise  on  the  Steam-Engine,"  new  edition, 
page  110,  which  are  as  follows.    Having  reference  to  the  com- 
parison of  theory  with  experiment  Mr.  Bourne  says: — "In  order 
to  test  the  practical  value  of  this  theory,  it  will  be  useful  to  com- 
pare its  results  with  those  of  the  experiments  which  were  made 
by  Mr.  Wicksteed  on  the  large  Cornish  pumping-engine,  built 
under  the  direction  of  that  eminent  engineer  by  Messrs.  Harvey 
and  West^  for  the  East  London  Waterworks^  .at  Old  Ford,  and 


*  This  opinion  is  completely  eorroborated  by  tbe  following  statement  of  the 
daty  done  by  tbe  Fowey  Consols  engine  at  tbe  well-known  trial  in  1835,  wbich 
VB5  do  far  superior  to  that  during  the  working  of  tbe  same  engine  for  long 
^oda,^  [Se4  "Further  Elucidations,"  p.  14.) 
At  the  twenty-four  hours' trial    .    .    .    134,100,000  fL-lbs.  per  cwt. 
Bighe^i  duty  in  any  one  month  during 

eleven  years 99,422,891      "  " 

Arerage  duty  for  the  year  1835  .    .    .      86,446,269      «  « 

'^^  month  before  the  trial      ....      93,034,325      «  " 

Tie  month  of  the  trial 94,912,548      «*    •       " 

3^e  mcnth  after  the  trial 97,559,843  .   *•  "' 
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which  were  published  in  1841.  The  dimensLons  and  structore  of 
the  f  ngine  and  the  details  of  the  experiments  are  stated  with  such 
minuteness  and  precision  that  there  is  none  of  that  uncertainty  re- 
specting the  circumstances  of  particular  cases  which  is  the  most 
frequent  cause  of  failure  in  the  attempt  to  apply  theoretical  prin- 
ciples to  practice.'^ 

We  have  dilated  somewhat  upon  this  subject,  as  it  is  of  vital 
importance  to  the  progress  of  steam-engineering  to  be  acquainted 
with  the  actual  success  or  otherwise  of  the  various  forms  of  steam- 
engines.  In  1859  Mr.  Wicksteed  published  aoi  account  of  the 
duty  of  the  "  Wickstieed"  engine  at  the  East  London  Waterworke^ 
obtained  from  three  ye$irs'  working,  which  of  course  cai^  leave  no 
doubt  Upon  the  mind  as  to  reliability. 

We  will  now  compare,  as  &r  as  our  means  will  allow  us  to  do 
BO,  the  results  of  certain  pumping  engines. 

From  Mr.  Wicksteed's  experiments  (1841)  we  find  that  a  duty  ^ 
of  108,198,102  fb.4bs.  per  cwt.  of  fiiel  was  obtained  on  a  long  trial 
of  the  Ciomish  engine  of  the  East  London  Waterworks ;  122,876,- 
128  fL-lbs,  at  the  trial  of  the  Holmbush  engine ;  180,248,884  ft.-lbs. 
at  the  trial  of  the  Fowey  Consols  engine.  From  the  working  of 
the  "  Wicksteed"  engine  for  three  years,  a  duty  of  109,000,000 
fiL-lbs.  is  obtained,  for  best  Welsh  coal.  (See  Mr.  Wicksteed^s 
pamphlet,  « Further  Elucidations,"  &c.,  1859.) 

As  a  specimen  of  more  recent  construction,  we  may  refer  to  an 
engine  erected  for  the  Chelsea  Waterworks'  Company,  and  reported 
upon  by  Mr.  Joshua  Field,  April  9th,  1857.  The  trial,  as  reported, 
lasted  for  24  hours  only,  and  a  duty  of  108,900,000  ft.-lb8.  per  cwt 
of  coal  was  obtained.*  This  result  shows  not  only  an  absence  of 
iniprovement,  but  an  inferiority  to  the  above-mentioned  engines^ 
which  might  scarcely  be  expected  when  we  view  the  general  im- 
provements effected  during  the  last  twenty  years.  The  Cornish 
engine  above  referred  to  was  constructed  about  1885. 

In  the  Cornish  engine  the  motion  of  the  plunger-pole  is  con- 
trolled only  by  the  internal  resistance,-  the  plunger-pole  of  the 
pump  being  suspended  from  the  end  of  the  beam,  and  no  fly-wheel 
being  employed.  Becendy,  fly-wheels  have  been  applied  to  pump- 
ing engines,  but  without  producing  satis&ctory  results. 

*  *  Mr.  Field's  Beport ;  Bourne's  ITreaiise,    Appendix, 
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FoTmerly,  beam  engines  were  universally  employed  to  drive  mill 
work,  when  large  power  was  required ;  and  in  fact  Newcomen's  type 
appears  to  liav^  formed  the  basis  of  all  the  earlier  engines ;  J)eam8 
being  used  for  marine  engines  also.  The  advantages  attendant 
upon  more  compact  forms  of  machinery  did  not  long  remain 
imobflerved,  and  recently  beam  engines  have  been  almost  entirely 
superseded  by  direct  action  engines  for  marine  purposes,  where 
economy  of  space  is  a  desideratum.^  A  great  many  of  the  improve- 
ments effected  in'  the  construction  of  stationary  or  land  engines 
have  arisen  not  so  much  from  the  necessity  of  improvement  in  this 
one  class,  as  from  the  restrictions  under  which  the  engineer  acts 
when  designing  steam-machinery  for  marine  and  locomotive  pur- 
poses.  The  difficulties  attendant  upon  the  adaptation  of  steam« 
power  under  the  circumstances  last  referred  to  necessarily  in- 
crease in  proportion  as  the  space  at  command  diminishes ; 
•wherefore  iJie  engines^  of  tlie  small  river  steamers  are  generally 
more  compact  in  form  than  the  bulky  machinery  of  the  larger 
steamers. 

Among  the  particidars  not  hitherto  specially  entered  into  we 
may  mention  various  contrivances  for  facilitating  the  consumption 
of  the  smokC; — ^the  principle  of  them  being  in  itself  exceedingly 
simple,  as  all  that  is  necessary  in  order  to  ensure  the  consumption 
of  the  smoke  is,  to  mix  a  sufficient  quantity  of  atmospheric  air 
with  the  same,  at  a  temperature  not  lower  than  that  at  which  the 
gases  bum.  Notwithstanding  the  apparent  simplicity  of  this 
operation,  the  means  of  carrying  it  into  practice  do  not  readily 
present  themselves,  as  appears  evident  from  the  great  number  of 
methods  whicb  have  been  proposed  to  obviate  the  nxusance  and 
waste  given  rise  to  by  -the  •  evolution  of  smoke.  Prideaux's 
ftimaces  appear,  upon  the  whole,  to  be  best  calculated  to 
effect  the  desired  end  with  economy;  but  one  of  the  chief 
requisites  to  smoke  consumption  consists  in  properly  managing 
the  fires. 

Another  source  of  economy  which  has  lately  been  much  used 
consists  in  superheating  the  steam ;  that  is  to  say,  imparting  to  it 
a  temperature  higher  tiian  that  due  to  its  pressure;  thereby 
avoiding,  in  some  degree,  condensation  in  the  steam-cylinder. 
The  steam  may  be  superheated  by  contact  with  hot  flues  pass- 
'  ing  through  the  steam  space  of  the  boiler,  or  the  steam  may  be 
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caused,  in  passing  from  tlie  boiler  to  the  engine,  to  traverse  pipes 
f)laced  in  the  uptake  of  the  chimney-shaft  or  passing  through  the  * 
&mace.  The  introduction  of  superheated  steam  has,  in  some 
cases,  been  found  useful  in  the  absence  of  the  steam-jacket,  which 
consists  of  an  outer  cylinder  or  jacket  placed  around  the  working 
cylinder  of  the  engine,  the  small  annular  space  left  between  the 
twt>  being  kept  full  of  steam  from  the  working  boiler,  or  from 
a  separate  boiler.  Sometimes  .the  steam-jacket  is  replaced  by  a 
hot-air  jacket,  and  in  every  case,  whether  the  cylinder  be  jacketed 
or  not,  it  should  always  be  well  clothed,  to  avoid  the  radiation  of 
heat  from  its  surface  into  the  surrounding  air.  Clothing  should 
also  be  applied  to  the  boUer  and  steam-pipes,  and  in  some  cases 
a  very  great  amount  is  requisite ;  such,  for  instance,  as  that  of  the 
locomotives  designed  to  traverse  the  ioe  in  the  frozen  regions  of 
Siberia.  Under  these  circumstances,  thick  coatings  of  felt,  covered 
•with  coatings  of  wood,  may  with  advantage  be  employed,  the  cylin- 
ders being  similarly  protected.  Loss  of  heat  from  the  sides  of 
flues  of  stationary  boilers  may  be  much  reduced  by  leaving  an 
air-space  around  them,  completely  closed  in  by  masonry,  so  that 
the  air  cannot  circulate.  It  is  frequently  necessary  to  supply  the 
stationary  and  other  boilers  with  small  feed-pumps,  which  may  be 
worked  by  hand  or  by  donkey-engines. 

Large  marine^ngines  are  also  very  commonly  suppUed  with 
«mall  steam-cylinders  to  work  the  starting-gear. 

The  means  of  ascertaining  the  amount  of  duty  obtained  from 
rotating  engines  are  very  insufficient^  the  indicator  and  the  friction- 
brake  being  most  commonly  used.  The  indicator  consists  of  a 
small  brass  cylinder,  furnished  with  an  accurately-fitting,  piston, 
capable  of  moving  steam-tight,  but  with  very  little  friction ;  this 
piston,  when  unacted  on  by  any  other  force,  is  retained  at  tlie 
lower  end  of  the  cylinder  by  a  spiraLspring  above  it.  ^  It  carries 
a  piston  rod,  to  which  is  attached  a  pencil-holder,  which,  when 
the  instrument  is  required  for  use,  is  furnished  witH  a  pencil,  the 
point  of  which  rests  upon  paper,  which  is  caused  to  move  under 
it  in  a  direction  at  right  angles  to  the  axis  of  the  cylinder  of  the 
indicator,  the  motion  being  derived  from  some  part  of  the  engine. 
If  this  indicator  be  attached  by  its  lower  extremity  to  the  cylin- 
der of  the  steam-engine,  it  is  evident  that  when  steam  enters  -the 
working  cylinder,  the  indicating  piston  will  rise,  compressing  the 
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spring  above  it^  the  amount  of  compresgion  being  proportional  to 
the  pressure  of  the  steam,  and  as  tbe  engine  moves  the  card  also 
moves  under  the  pencil ;  thns  a  diagram  is  obtained,  showing  the 
pressure  of  steam  in  the  cylinder  at  every  part  of  the  stroke  of 
the  engine,  and  from  such  a  diagram,  the  mean  presstire  of  steam 
in  the  cylinder  daring  one  stroke  may  readily  be  calculated.  The 
horse-power  calculated  for  this  mean  presstire  is  called  the  indi- 
cated  horse-power. 

The  friction-brake  in  its  common  form  consists  of  a  band 
containing  wooden  blocks,  which  is  placed  around  the  main 
shaft  of  the  engine,  and  tightened  up  until  the  same  is  brought 
to  its  accustomed  speed ;  then,  from  the  extremity  of  an  arm 
fixed  to  the  band,  weights  are  suspended  until  the  arm  remains 
horizontal.  The  amount  of  work  done  by  the  engine  in  any 
given  time  is  calculated  by  multiplying  the  weight  attached*  to 
the  brake  by  the  distance  of  their  point  of  suspension  from 
the  centre  of  the  main  shaft,  and  by  the  number  of  evolutions  of 
the  same. 

Steam  carriages  and  traction  engines  for  common  roads  have 
lately  attracted  much  attention,  and  many  ingenious  forms  have 
been  designed  and  executed,  and  frequently  exhibited  in  the  me- 
tropolis; and  for  some  time  past,  Bray's  traction  engines  have  been 
much  used.  These  engines  are  not  intended  so  much  for  speed  as 
to  draw  heavy  loads  at  a  small  cost ;  hence,  gearing  is  employed  to 
produce  the  speed  of  the  engine, — toothed  wheels  being  sometimes 
employed,  and  sometimes  chains.  With  the  former  some  incon- 
venience is  found,  when  running  on  rough  roads,  from  the  varia- 
tion of  distance  between  the'  toothed  wheels,  which  of  course 
interferes  with  their  smootk  action.  In  Messrs.  LongstafT  and 
PuUan's  engine,  the  cylinder  and  its  attachments  are  placed 
upon  frames  capable  of  moving  upon  an  axis,  so  as  to  allow  the 
driving-wheel  to  rise  and  fall  over  the  inequalities  of  the  road 
without  affecting  the  distance  between  the  centres  of  the  toothed 
wheels. 

A  very  light  form  of  steam-carriage  has  been  designed  for  com- 
mon roads  by  Messrs.  Yarrow  and  Hilditch,  in  which  arrange- 
ments are  made  to  prevent  the  action  of  the  springs  to  ^hich  the 
driving-wheels  are  attached  from  interfering  with  the  motion  of 
the  slide-valve ;  but  the  absence  of  horn  plates  allows  lateral  strain 
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of  the  piston  rod,  &c.,  and  until  this  is  supplied  the  action  of  the 
maohine  cannot  be  relied  upon. 

We  have  now  concluded  the  few  remarks  which  appeared  de- 
sirable to  render  the  previous  descriptions  more  complete.  It 
would  be  utterly  impossible,  in  ordinary  limits^  to  notice  one  tithe 
of  the  various  forms  in  which  the  steam-engine  exhibits  itself  but 
we  have  endeavored  to  select  examples  as  general  as  possible. 


CHAPTER  XVm. 


ON  PUUPING  SNGIKES. 


Thbbk  is,  perhaps,  no  method  of  imparting  information  prac- 
tically more  effective  than  that  which  is  based  upon  the  illustration 
of  good  examples,  which  show  at  a  glance  the  manner  in  which 
scientific  principles  are  rendered  available  for  the  daily  purposes 
of  mankind ;  and  such  a  treatise  as  the  present  would  certainly 
be  very  incomplete  without  some  detailed  account  of  the  present 
practice. 

We  have  selected,  in  order  to  exemplify  the  most  useftd  forms 
of  pumping  engines,  two  erected  by  Mr.  Wicksteed,  through 
whose  courtesy  we  are  enabled  to  supply  the  plates  and  descrip- 
tion of  the  same. 

Plates  XViil.  and  XIX.  illustrate  the  Grand  Junction  engine, 
erected  at  the  Grand  Junction  Waterworks,  at  Kew.  It  is  con- 
structed on  the  same  principle  as  the  celebrated  "Wicksteed" 
engine,  subsequently  erected  at  the  East  London  Waterworks,  and 
was  executed  by  Messrs.  Sandys,  Came,  and  Vivian,  the  contract 
being  dated  1845. 

Plate  XViil.  shows  a  general  elevation  of  this  engine,  a  Is 
the  steam-cylinder,  which  is  surrounded  by  jacketing  and  clothing: 
&  is  the  valve-casing  and  framing  for  valve-gear,  which  ge^  is 
actuated  by  tappets  on  the  plug  rod  c;  d  ia  the  piston  rod,  the 
upper  extremity  of  which  is  attached  to  a  parallel  motion,  ef,  gh, 
if  of  which  the  centres  efg  and  h  are  movable,  the  centre  j  being 
fixed;  this  parallel  motion  is  joined  at  ^  ^  to  the  main  or  working- 
beam,  and  to  that  extremity  of  the  latter  to  which  the  parallel 
motion  is  attached,  is  fixed  a  catch-beam  k,  to  prevent  the  piston 
from  descending  too  low.  The  main  bean^  is  supported  at  the 
centre  of  its  length  upon  a  gudgeon  resting  in  bearings  carried  by 
an  entablature  supported  upon  columns,  as  shown. 

18,  iw 
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Passing  from  the  main  centre  just  described,  we  first  come  to 
a  rod,  by  which  the  feed-pump  I  is  worked.  The  motion  of  this 
rod  is  rendered  nearly  rectilineal  by  connecting  it  with  a  parallel 
motion  which  extends  to  the  end  of  the  beam,  and  to  which  is 
attached  the  rod  actuating  the  air-pump  m.  From  the  end  of  the 
beam  the  plunger-pole  o  is  suspended,  w^ich  works  vertically  in 
the  barrel  of  the  main  pump,  p ;  upon  this  plunger-pole  is  fixed 
a  table,  carrying  weights,  which  are*  enclosed  in  the  casing  w;  nia 
the  hot  well  placed  above  the  air-pump  n,  and  it  is  from  this  hot 
well  that  water  is  drawn  by  the  feed-pump  I  to  supply  the  boiler 
which  furnishes  the  engine  with  steam,  r  is  the  eduction-pipe 
leading  from  the  cylinder  to  the  condenser,  which,  together  ^with 
the  air-pump,  is  placed  in  the  cold-water  welL  In  addition  to  the 
details  shown  in  the  elevation,  there  are  two  cataracts, — one  on 
either  side  of  the  valve-gear.  The  general  arrangement  of  the 
engine  having  been  now  explained,  we  will  proceed  to  describe 
each  part  in  greater  detail.  ^ 

The  cylinder  is  bedded  upon  a  mass  of  masonry,  to  which  it  is 
secured  by  six  long  holding-down  bolts,  furnished  with  nuts  at 
their  upper  extremities  and  fixed  at  the  lower  by  washers  and  gibs. 
These  bolts  are  about  two  and  a  half  inches  in  diameter,  and  de* 
scend  through  masonry  to  a  depth  of  about  fourteen  feet  Upon 
the  masonry  rests  the  casing  of  the  cylinder-bottom,  the  total 
height  of  which  is  about  two  feet,  and  it  is  upon  the  lower  flange 
of  this  cylinder-casing  that  the  hollow  struts  are  placed  to  receive 
the  upper  extremities  of  the  holding-down  bolts.  These  struts  are 
two  feet  eight  inches  high  from  the  floor,  and  the  thickptess  of  the 
metal  is  one  and  a  half  inches  at  the  lower  part,  reduced  to  one-and* 
a-quarter  at  the  upper.  The  casing  for  the  cylinder-bottom  con- 
sists of  a  short  cylinder  cast  in  one  piece  of  the  cover,  which  is 
convex  downwards,  and  it  is  closed  by  a  loose  bottom, — the  space 
between  the  top  and  bottom  of  this  casing,  inside,  being  at  the 
centre  about  seven  inches  and  a  half,  and  at  the  circumference 
about  eighteen  inches.  Upon  this  casing  rests  the  cylinder,  of 
which  the  internal  diameter  is  about  seven  feet  six  inches :  the 
thickness  of  metal  being  about  one  inch  and  three  quarters. 
Round  the  cylinder  is  the  jacketing,  between  which  and  the  cylin- 
der a  steam-space  is  left ;  and  the  flanges  of  the  casing  for  the 
cylindot-bottom  and  the  cylinder  and  the  jacket^  are  all  bolted 
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toge^  fSirming  a  joint,  eliown  Fig.  90,  vhicli  is  drawn  to  a  scale 
of  one  inch  to  a  foot  Oateide  the  jaoketing  ia  an  air  space,  eur- 
nnmded  by  timber  olothing.  Similar  precautions  to  those  de- 
a^'bed  above  for  preventing  loea  of  heat  are  obseired  in  the 


construction  of  the  oylinder-cover,  through  which  the  piston  rod 
paaae^  steam-tight,  by  means  of  an  ordinary  gland.  The  diameter 
<^  the  piston  rod  is  about  eight  inches. 

In  order  to  render  evident  the  arrangement  of  the  ralvea  and 
nlve  gear,  we  most  refer  to  Plate  XIX.,  in  which  tVo  elevations 
of  the  gearing  are  shown.  A  glance  at  the  &ODt  elevation  of  the 
valves  shows  that  fonr  are  supplied :  they  are  doable-beat  valves, 
having  the  top  and  bottom  bests  of  equal  diameter,  three  being 
placed  at  the  upper  end  of  the  cylinder,  and  one  at  the  lower. 
The  three  upper  valves  are,  the  starting-valve,  the  steam-valve 
(through  which  steam  is  admitted  to  the  upper  extremity  of  the 
cylinder^  and  the  equilibrium- valve  (through  which  steam  passes 
from  the  upper  to  the  lower  side  of  the  piston).  The  lower  valve 
is  the  exhaust,  through  which  the  steam  passes  from  the  lower 
side  of  the  piston  into  the  condenser.  To  each  of  the  three  upper 
valres  ia  attached  a  stem,  passing  through  a  etuiSng-box  and 
tbroogh  a  guide;  this  stem  is  acted  upon  by  the  short  end  of  a 
lever,  the  position  of  which  is  indicated  by  the  dotted  lines.  From 
.  the  longer  'end  of  the  lever  a  rod  descends,  of  which  the  lower 
extremity  is  attached  to  an  arm  carried  by  one  of  the  weigh-shafts 
of  the  valve  gear ;  the  arrangements  being  such  that,  when  the 
valve  rods  imd  the  arms  to  which  they  are  attached  are  in  the 
same  straight  lin^  the  valves  are  closed.     The  exhaust-valve  is 
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similarly  actuated ;  but  i^i  this  ease  the  lever  to  which  the  yalre 
rod  is  attached  is  bent.  In  connection  with  the  valve  gear  aro 
three  weigh-shafla, — ^the  upper  one  being  connected  with  the 
steam- valve,  the  centre  one  with  the  equilibrium-valve,  and  the 
lowest  with  the  exhaust-valve.  The  three  weigh-shafts,  which 
we  shall  designate  the  steam,  equilibrium,  and  exhaust-valve  shafts, 
are  marked  a,  b,  and  c,  respectively,  in  both  views.  To  these 
shafts  are  keyed  arms,  ad,  be,  and  cf,  from  the  extremities  of 
which  rods  are  suspended,  connected  at  their  lower  ends  with  cast- 
iron  balance-levers,  to  which  are  hung  weights.  The  tendency  of 
these  weights  is  to  open  all  the  valves.  Another  set  of  arms  is 
also  attached  to  the  weigh-shaft»,  by  means  of  which  the  valves 
are  closed :  these  arms  or  handles  are  shown  in  both  views  at  a  g, 
b  h,  and  ei.  It  will  be  observed  that  the  weight  in  connection 
with  the  shaft  a,  when  descending,  opens  the  steam-valve  and 
causes  the  arm  a  ^  to  rise  to  the  position  shown  in  the  dotted 
Hues.  The  weight  connected  with  the  shaft  b,  in  descending, 
opens  the  equilibrium- valve  and  throws  the  handle  b  h  down  to 
the  position  shown  by  the  dotted  lines,  and  the  weight  acting 
upon  the  bottom  shaft  opens  the  exhaust- valve,  and  raises  the 
handle  c  t ;  hence  we  see  t&at  the  valves  are  opened  by  the  descent 
of  the  weights.  We  must  next  observe  the  means  of  closing 
them.  The  plug-frame  consists  of  two  rods,  mm,  mm.  These 
rods  carry  tappets,  k,  I,  and  n.  Let  us  suppose  that  the  engine  is 
about  to  make  a  down-stroke:  then  the  arms  a  g  and  c  «  will  be  in 
their  highest  positions ;  as  the  plug-rods  descend  the  tappets  h 
wiU  strike  the  arms  ag,  and  depress  them,  thereby  closing  the 
steam- valves  and  raising  the  balance-levers  connected  with  the 
shaft  a,  and  subsequently  the  tappet  I  strikes  the  arm  c  %,  closing 
the  exhaust- valve  and  raising  the  balance-levers  connected  with 
the  shaft  c.  These  arms,  thus  depressed,  are  retained  in  the  posi- 
tion into  which  they  are  thrown  by  means  which  will  subsequently 
be  described. 

When  the  engine  is  about  to  make  an  up-stroke,  the  arm  b  h 
is  in  its  lowest  position,  the  equilibrium-valve  beiog  open.  Daring 
the  ascent  of  the  plug-frame  the  tappet  n  raises  the  arm  b  h,  closing 
the  equilibrium- valve,  and  raising  the  balance-lever  connected 
with  the  shaft  b,  this  position  being  retained  by  means  of  a  catcL 
It  is  now  necessary  to  explain  the  manner  in  which  the  catches 
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*ct;  and  in  this  we  shall  be  assisted  by  the  woodcut,  Fig.  91,  in 
which  a,  b,  and  e  are  the  three  weigh-shafts;  to  which  are  attached 
quadiants,  as  shown,  being  fixed  at  the  ends  of  the  shafts.  When 
the  handles  are  acted  upon  by  the  tappets,  the  shafts  revolye  so 
that  Ijie  quadrants  assume  the  positions  shown  in  the  woodcut;  in 
which  they  are  retained  by  the  pins  attached  to  levers,  moving  • 
upon  fulcra^  x,x,x,  and  equilibriated  by  weights  to,  to,  to.    If  the 

Fig.  91.     ' 


catches  be  raised  the  balance-levers  cauie  the  quadrants  to  assume 
the  positions  indicated  by  the  dotted  lines,  the  pins  in  the  catch- 
leyers  then  resting  upon  their  peripheries.    The  extremities  of 
these  catch-levers  are  shown  (Plate  XLS.)  at  a'i  V.    We  have  now 
shown  how  the  valves  are  closed,  and  retained  closed,  but  it  yet 
remains  to  show  how  the  catches  are  raised  to  allow  the  balance- 
levers  to  open  the  valves.    This  is  effected  by  cataracts;  of  which 
there  are  two,  shown  at  o  o,  Plate  XIX.    These  cataracts  are 
species  of  pumps,  fitted  with  a  solid  plunger  packed  with  leather. 
Their  action  is  as  follows :  Upon  the  plug-rods  m  m  are  fixed  tap* 
pets  p  q,  which  act  upon  levers  p  r  and  qr.    During  the  down  or 
indoor-stroke,  the  tappet  q  depresses  the  end  of  the  lever  q  r,  wind- 
ing the  band  $  around  the  pulley  t,  and  drawing  down  the  end  u 
of  the  rocking-beam  u  v,  and  elevating,  therefore,  the  end  t;  of  the 
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beam;  at  the  same  time  drawing  down  the  rod  uu  and  pnsliing 
up  w/ thereby  raising  the  plunger  of  the  cataract,  which  as  it 
rises  draws  water  freely  through  a  valve  firom  the  cistern  below 
it;  then  the  weight  on  the  plunger-rod  of  the  cataract^  together 
with  that  suspended  from  the  end  v  of  the  beam,  causes  the  plunger 
•  to  descend,  forcing  out  the  water  from  beneath  it,  through  a  stop- 
cock, back  into  the  cistern  from  whence  it  was  taken, — ^the  velocity 
with  which  the  plunger  descends  being  regulated  by  the  opening 
of  the  cock.  In  concluding  its  down-stroke,  the  cataract  by 
means  of  the  rod  u  u,  releases  the  catches  on  the  top  and  bottom 
weigh-shafts,  thereby  allowing  the  balance-levers  to  open  the 
steam  and  exhaust  valves,  when  the  engine  will  make  another 
down  stroke.  The  cataract  on  the  opposite  side  of  the  engine  is 
raised  during  the  up-stroke,  «nd  releases  {he  catch  on  the  shaft  b, 
to  allow  the  equilibrium- valve  to  open  to  cause  the  next  up-stroke. 
The  amount  of  waterway  allowed  by  the  cataract-cocks  deter- 
mines the  time  which  elapses  between  two  strokes,  and  thus  the 
speed  of  the  engine  is  regulated;  The  position  of  the  tappets  k  h, 
which  close  the  steam- valve,  admits  of  adjustment  by  means  of 
the*  screw  y,  and  upon  their  height  with  regard  to  the  plug-rod 
depends  the  point  of  the  stroke  at  which  the  steam  will  be  cut  off 
Their  length  is  necessary  in  order  that  they  may  hold  the  handles 
a  g  down  until  the  cataract  which  governs  the  catches  a'  cf  has 
been  raised  so  as  to  allow  the  catch  a'  to  secure  the  steam- valve. 
We  have  very  minutely  described  the  form  and  action  of  the 
valve  gear  of  this  engine  On  account  of  its  complicated  character, 
in  order  to  leave  no  means  unemployed  by  which  it  could  be  ex- 
plained; as  it  is  highly  important  clearly  to  understand  this  beau- 
tiful part  of  the  mechanism  of  the  engine,  upoji  which  its  action 
is  dependent   > 

The  parallel  motion  is  formed  x>f  bars,  carrying  bras3  bearings 
in  the  usual .  manner.  The  main  %eam  consists  of  two  beams 
braced  together,  its  length  from  cylinder  centre  to  the  pump  centra 
is  thirty-six  feet  eight  inches,  each  of  these  centres  being  eighteen 
feet  four  inches  from  the  centre  of  the  beam ;  the  depth  of  the 
beam  at  the  centre  is  about  seven  feet  six,  and  at  the  extremities 
about  two  feet  eight.  The  two  beams  are  braced  together  by  six 
ties,  one  and  a  quarter  inches  in  diameter,  of  wrought-iron,  passing 
through  distance-pieces  eight  inches  in  diameter ;  tbe  two  pieces 
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of  the  beam  are  about  tkree  feet  four  incbes  asunder;  tbe  metal 
tliree  inches  thick;  and  the  main  gudgeon  one  foot  four  inches  in 
diameter.  The  distance  from  the  cylinder  centre  along  the  beam 
to  the  first  parallel  motion  centre,  is  eight  feet  four  inches^  and  to 
the  plUg-rod  centre,  ten  feet  four  inches, — ^thj^  latter  being  eight 
feet  from  the  main  centre  of  the  beam ;  the  feed-pump  centre  is 
&ur  feet  seyen  inches  from  the  main  centre,  and  the  air-pimip 
centre  ten  feet, — ^the  latter  being  eight  feet  four  inches  from  the 
main-pump  centre.  The  parallel  motion  for  the  main  pump  is 
similar  to  that  for  the  piston  rod ;  the  diameter  of  the  main-pump 
rod  is  eight  inches,  that  of  the  casing  containing  the  weights  is 
fire  feelt  eight  inches  outside,  and  five  feet  five  inches,  its  height 
being  eight  feet  four  inches.  Below  the  casing  is  another,  carrying 
two  bracket-shaped  projections  or  snugs  of  three-inch  metal,  whicli^ 
by  &lling  upon  spring  beams  at  the  termination  of  the  outdoor 
stroke,  support  the  plunger-pole  and  weights.  The  pluiiger  is 
hollow,  its  external  diameter  being  two  feet  nine  inches,  and  its 
internal  diameter  about  two  feet  three  inches;  the  pump  barrel  is 
about  three  feet  in  diameter,  its  metal  being  two  and  an'  eighth 
inches  thick.  The  valyes  are  on  the  principle  of  Messrs.  Harvey 
and  West's  double-beat  valve,  the  lower  seating  being  two  feet  ten' 
and  a  half  inches  in  diameter,  and  the  upper  beat  two  feet  three 
and  a  half  inches ;  a  collar  prevents  the  valve  from  rising  too  high, 
the  collar  itself  being  retained  by  a  three-inch  rod,  screwed  through 
the  top  of  the  valve  chamber. 

Both  the  valve  chambers  are  four  feet  three  inches  in  diameter, 
the  depth  of  the  tank  around  them  ia  about  seventeen  feet  two 
inches,  the  bottom  of  the  tank  is  of  two  and  three-quarter  inch 
metal,  the  sides  at  the  lower  part  of  three-quarter  inch  metal,  and 
at  the  upper  of  five-eighth  incL  The  valve  chambers  are  two  and 
an  eigh^  inches  thick,  the  water  from  the  discharge  valve  pfpses 
through  a  three-foot  pipe  t<Ahe  stand  pipe,  the  plate  with  which  it 
is  connected  being  one  inch  thick.  The  spring  beams  on  each  side 
of  the  plunger  each  consist  of  seven  beams,  fifteen  inches  wide 
and  six  inches  deep,  with  a  bearing  between  the  supports  of  about 
six  feet  nine  inches,  the  supports  consisting  of  hollow  columns  of 
two-inch  metal.  The  distance  between  the  spring  beams  on  the 
•  two  sides  is  six  feet  nine  inches,  the  anchoring  girders  for- the  par-  * 
allel  moticJn  are  eighteen  feet  long,  one  foot  six  inches  deep,  and 
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one  foot  ten  inches  deep*  oyer  the  points  of  support ;  they  are  cast- 
iron  trellis  girders  of  one  and  a  half  inch  metal  in  the  webs,  the 
centre  to  which  the  parallel  motion  is  anchored  is  five  inches  dia- 
meter and  three  at  the  extremity,  and  the  distance  between  the 
parallel  motion  bars  is  seven  feet  four,  inches.  The  outside  dia- 
meter of  the  exhaust  pipe  is  about  one  foot  ten,  of  the  condenser 
about  three  feet  six,  and  of  the  air-pump  about  three  feet  three. 
The  action  of  the  engine  is  as  follows :  Suppose  the  engine  to  be 
at  the  top  of  its  stroke,  then,  when  the  cataract  which  governs  tiie 
steam  and  exhaus^  valves  descends,  the  catches  will  be  released 
and  those  valves  will  open,  when  a  down-stroke  will  be  made^ 
during  which  the  same  cataract  will  be  raised  and  the  steam  and 
exhaust-valves  closed, — ^and  at  the  same  time  the  plunger  will  be 
-  raised,  filling  the  pump  barrel  with  water ;  the  air-pump  will  also 
draw  a  certain  quantity  of  water  &om  the  condenser.  The  engine 
will  then  pause  until  the  other  cataract  releases  the  equilibrium- 
valve,  when  the  weights  on  the  plunger-pole  will  cause  it  to  des- 
cend, closing  the  equilibrium- valve^  raising  the  second  cataract^ 
and  drawing  the  piston  to  the  top  of  the  cylinder, — ^the  air-pump 
bucket  being  depressed  so  that  the  water,  &a,  drawn  fix>m  the 
centre  during  the  up-stroke  of  the  pump,  passes  through  the 
bucket^  the  water  in  the  main  pump  being  at  the  same  time  ex- 
pelled through  the  discharge- valve.  It  must  here  be  observed, 
that  in  the  Cornish  pumping  engines  the  injection  cock,  which  ad- 
mits condensation  water,  is  not  constantly  open,  but  is  opened  by 
the  valve  gear,  and  remains  closed  during  the  outdoor  stroke. 

This  description  applies  to  the  engine  as  originally  erected,  but 
now  the  pump  plunger  is  being  enlarged ;  the.  intention  being,  I 
believe,  to  work  with  steam  of  higher  pressure.  Before  taking 
leave  of  the  Cormsh  engine  it  may  be  desirable  to  give  some  ao- 
coipt  of  its  management.  When  it  is  desired  to  start  an  engine 
after  it  has  been  at  rest  for  some  iiittb,  it  is  necessary  to  work  it 
for  a  few  strokes  by  hand,  and  at  first  it  will  £eu1  to  complete  the 
indoor  or  down-stroke  of  the  piston  on  account  of  deficient  vacuum, 
wherefore  the  exhaust- valve  will  not  be  shut  by  the  tappet,  which 
will  not  reach  it.  The  equilibrium- valve  is  now  gradually  opened, 
and  the  engine  goes  slowly  out  of  doors :  when  the  equilibrium- 
valve  is  dosed,  first  the  exhaust  and  then  the  steam-valve  is  ' 
allowed  to  open,  and  so  on,  until  the  engine  assumed  its  proper 
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^ke.  Any  yariation  of  the  steam  prelistire  will  of  course  be 
accompanied  by  varying  strokes,  but  this  must  be  counteracted  by 
working  the  governor  valve ;  and  the  length  of  stroke  may  be  ac- 
corately  judged  by  observing  how  fistr  the  tappets  travel  along  the 
handles  after  closing  the  valves.  It  will  firom  the  above  be  evident 
that  these  engines  require  constant  attention,  as  otherwise  they 
might  miss  stroke  if  the  steam  fell  short;  when  the  steam  stroke 
IB  too  long,  catch-pieces  strike  upon  the  banging-boxes,  and  ring  a 
bell  to  call  the  enginenuin's  attention  to  the  &ct 

In  the  new  pumping  engine  which  is  now  in  course  of  erection 
at  the  Scarborough  Waterworks,  under  Mr.  Wicksteed's  superin- 
tendence, 8ur£Btce-condensation  is  employed.  This  is,  we  believe, 
the  first  application  of  a  sur£Ace^condenser  to  a  Ck)mish  pumping 
engine.* 

In  the  ordinary  Cornish  engine  only  one  cataract  is  used,  and 
the  plug-rod  in  descending  shuts  the  steam  and  exhaust- valves, 
and  releases  the  equilibrium-valve;  hence^  there  is  no  pause 
between  the  down-stroke  and  the  up-stroke,  and  the  injection- 
valve  ia  also  wrought  by  an  arm  attached  to  the  exhaust-valve 
weigh-shaft. 

Our  next  example  is  the  Boulton-and-Watt  pumping  engine 
Erected  at  the  East  London  Waterworks,  under  the  superintendence 
of  Mr.  Wicksteed.  Plate  XX.  is  a  longitudinal  section  of  the 
engine.  It  wiU  be  observed  that  a  piston-pump  is  here  employed^ 
the  water  being  drawn  into  the  pump-barrel  during  the  up-stroke 
of  the  steam-piston,  and  forced  into  the  mains  during  the  down- 
stroke  of  the  same.  This  is  the  principal  difference  between  this 
and  the  Cornish  e;[igine,  but  the  details  of  the  two  engines  also 
differ.  It  will  not,  however,  be  necessary  here  to  give  a  complete 
description  of  this  engine,  ,as  firom  our  previous  remarks  the 
section  will  be  readily  understood,  and  will  give  all  *the  informa 
tion  that  is  requisite. 


*  We  are  not  at  liberty  to  give  any  particulars  of  this  condenser,  as  Mr 
Wicksteed  is,  we  believe,  about  to  publish  an  account  of  the  new  engine  at 
the  Scarborough  Waterworks  in  a  treatise  on  Pumping  Engines,  which  will 
shortly  appear. 


CHAPTEE  XrS. 

« 

ON  BOTATIVK  BNGINB3. 

Ik  the  present  chapter  we  propose  to  illustrate  -two  rotative 
engineB,  one  of  which  is  a  beam  engine,  and  the  other  a  hori- 
iK)ntal  engine  on  Woolfe's  principle,  used  for  pumping: 

Plate  XXI.  is  a  longitudinal  section  of  a  beam-engine ;  the 
qrlinder  is  oast  with  the  bottom  upon  it,  in  the  centre  of  which 
is  left  an  aperture  to  admit  the  boring-bar,  this*  aperture  being 
subsequentlj  closed  by  a  door,  as  shown.  The  upper  end  of  the 
piston  is  attached  to  an  ordinary  parallel  motion,  jointed  to  the 
main  beam,  which  beam  is  carried  by  a  gudgeon  working  in 
bearings  supported  by  a  large  hollow  column ;  beyond  this  gud- 
geon the  air-pump  rod  is  attached,  and  at  the  farther  end  of  the 
beam  is  the  connecting  rod,  the  lower  end  of  which  embraces  the 
cronk-pinl  The  crank  is  firmly  keyed  on  to  the  main  shafts  which 
also  carries  a  fly-wheel  and  the  eccentric,  by  which  the  short  slide- 
▼alye,  which  regulates  the  admission  of  steam  to  and  its  emission 
from  the  cylinder,  is  worked,  A  common  two-ball  centrifugal 
governor  is  applied  to  this  engine. 

The  usual  cold-water  and  feed-pumps  are  also  applied.  It  will 
be  observed  that  the  column  supporting  the  entablature  to  which 
the  parallel  motion  is  anchored,  is  secured  to  a  thick  lug  cast  on 
to  the  cylinder.  This,  however,  shoidd  be  avoided  where  possi- 
ble, as  inequalities  in  the  thickness  of  a  casting  are  very  likely 
to  produce  defects. 

It  will  be  observed  that  the  cylinder  of  this  engine  is  neither 
clothed  nor  jacketed,  whereby  economy  is  lost;  for  both  these 
precautions  should  be  adopted,  especially  when  superheating  is 
not  resorted  to. 

Plate. XXn.  exhibits  a  longitudinal  section  of  a  horizontal 
pamping  engine  on  "Woolfe's  principle.  At  the  extreme  left- 
hand  comer  is  placed  the  pump,  which  is  double-acting.  From 
20i 
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the  well  rifles  a  vertical  pipe,  leading '  into  a  horizontal  pipe, 
passing  in  both  directions,  and  having  its  ends  carved  at  right 
angles,  and  surmounted  by  spindle- valves,  which  are  the  suction- 
yalves  of  the  pnmp.    From  the  upper  side  of  the  ptimp,  tubes 
proceed  into  a  horizontal  pipe,  and  where  they  join  the  same  the 
discharge  valves  are  placed.    Upon  the  upper  horizontal  pipe  is 
placed  the  air-vessel,  to  equalize  the  pressure  of  the  water  and 
prevent  the  occurrence  of  shocks.    To  the  plunger  of  the  pump  is 
attached  the  pump-rod,  which  terminates  in  a  cross-head,  carrjing 
guide-blocks,  moving  between  guides.    To  the  same  cross-head  is 
fixed,  by  a  cotter,  a  piston  rod,  the  further  extremity  of  which  is 
connected  to  the  piston  of  the  larger  cylinder,  shown  in  the  draw- 
ing.   Abutting  upon  the  larger  cylinder  and  concentric  with  it^  is 
the  smaller  cylinder,  and  upon  the  two  cylinders  is  placed  the 
slide-valve  and  steam-chesty  with  various  passages  proceeding  from 
it.    The  smaller  cylinder  contains  a  piston,  the  rod  of  which  is 
connected  with  a  cross-head,  from  which  proceeds  a  connecting 
rod  to  work  a  crank  fixed  upon  the  n^^n  shaft  of  (he  engine, 
which  main  shaft  carries  a  fly-wheel  and  an  eccentric,  which 
works  the  slide-valve.      To  the  cross-head    last  mentioned  is 
attached  a  link,  through  which  is  wrought  a  bell-crank,  having  a 
^ng  vertical  and  a  short  horizontal  arm.    From  the  short-arm 
jinks  are  carried  up  to  work  the  air-pump,  upon  the  top  of  which 
is  placed  the  Ipt  well,  from  which  water  to  feed  the  boiler  is 
drawn  by  the  horizontal  feed-pump,  shown  to  the  right  of  the 
air-pump,  and  worked  by  a  link  attached  to  the  long  arm  of  the 
bell-crank.    On  the  left  of  the  air-pump  is  the  condenser,  with 
the  exhaust-pipe  .entering  at  its  upper  extremity.    The  round 
opening  shown  in  the  condenser  indicates  the  position  of  the 
injection-cock. 

The  action  of  this  engine  is  as  follows :  High-pressure  steam 

from  the  .boiler  is  admitted  to  the  small  cylinder,  and  when  the 

small  piston  has  made  one  stroke  the  steam  is  allowed  to  escape 

iok>  the  lai^  cylinder,  and  act  by  expansion,  the  communication 

with  the  boiler  being  at  the  same  time  cut  ofl^  and  from  the  large 

cylinder  the  steam  passes  to  the  condenser.    In  order  tl^t  thu 

pistons  may  work  together,  the  steam  which  enters  the  inner  end 

Ov  \\iQ  small  cylinder  passes  thence  to  the  inner  end  of  the  large, 

^3^  vice  versa.    The  action  of  the  pumps  is  thus :  When  the  air- 
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pump  bucket  tises,  condensation  water  is  withdrawn  through  the 
foot-valve  of  the  condenser,  and  on  the  descent  of  the  bucket  the 
water  beneath  it  passes  through  the  circular- valve,  which  moves 
upon  the  air-pump  rod ;  .and  when  the  bucket  rises,  this  water  is 
expelled  through  the  circular  valve'  which  covers  the  air-pump 
into  the  hot  well,  whence  a  portion  of  it  is  drawn  by  the  feed- 
pump, which  is  of  the  plunger  description.  The  excess  of  water 
passed  into  the  hot  well  escapes  through  a  waste-pipe.  The  con- 
denser imd  air-pump  are  placed  in  a  cold-water  cistern. 

We  have  given  this  as  a  good  example  of  a  Woolfe  engine, 
although,  considered  as  a  pumping  engine,  it  is  certainly  very  in* 
efficienl^  being  very  inferior  (as  are  all  rotative  engines)  to  the 
Cornish  engine^  when  applied  to  raise  water. 


CHAPTER  XX. 


OK  ICABmS  KK6IKES. 


Thk  variety  of  engines  used  for  marine  pxtrpoees  appears  to  be 
more  eztensiTe  than  that  of  any  other  class,  designs  innumerable 
bayiog  been  originated  for  screw-propeller  engines.  Those  nsed 
for  paddle-wheel  steamers  do  not  vary  so  much  in  design. 

Plate  XXm.  is  a  longitudinal  section  of  a  side-lever  marine 
engine  of  the  old  class. 

A  shows  that  end  of  the  sole-plate  to  which  the  cylinder  is 
bolted ;  B  is  the  working  cylinder,  fiimished  with  a  piston  G,  ren* 
dered  steam-tight  by  metallic  packing.  To  this  piston  is  attached 
the  piston  rod  JS,  which  passes  through  a  stuffing-box  in  the  cover 
D  of  the  cylinder ;  the  top  of  the  piston  rod  carriea  a  cross-head, 
which  is  secured  to  it  by  a  gib  and  cotter-joint ;  from  the  extremi- 
ties of  the  cross-head  links  descend,  being  jointed  at  the  bottom 
to  the  side-levers,  of  which  there  are  two,  one  on  each  side  of  the 
engine.  These  side-levers  are  similar  in  form  to  the  working-beam 
of  an  ordinary  beam  engine.  One  of  the  side-levers  is  shown 
partly  dotted,  and  the  link  which  connects  it  with  the  croes-he%d 
*of  the  piston  rod  is  also  shown  dotted.  £  is  a  parallel-motion  link 
which  is  attached  to  a  short  arm  S,  to  which  motion  is  imparted 
by  a  link  jointed  to  the  side-lever.  Those  extremities  of  the  side* 
levers  which  are  distant  from  the  cylinder  are  attached  by  gi^^geons 
to  a  cross-tail,  keyed  to  the  lower  end  of  the  connecting  rod  G ;  the 
npper  end  of  the  connecting  rod  carries  bearings,  retained  in  po* 
sition  by  a  strap  secured  to  the  connecting  rod  by  a  gib  and  cotter 
joint  These  bearings  embrace  the  crlank-pin,  the  crank  being 
keyed  on  to  the  main  shaft  JT*.  Close  behind  the  crank  the  main 
shaft  is  supported  in  bearings  carried  by  a  plummer-block,.  bolted 
lb  the  framing.  Behind  the  plummer-block  is  the  eccentric,  from 
which  a  trussed  rod  passes  to  a  short  arm  on  the  weigh-shaft  T, 
which  carries  a  double  arm,  from  one  end  of  which  the  slide-valves 

206 


w 


206  USCHAinCAL  BKOINEEBINa. 

■ 

are  suspended  by  a  rod  UyA  couixterbalonce  being  placed  at  tbe 
other  end  of  the  double  arm.  The  valves  are  of  the  D  form,  hav- 
ing packing  behind  them. 

.  The  steam  having  been  admitted  to  the  cylinder;  and  having 
caused  the  piston  to  make  one  stroke,  it  passes  through  the  upper 
or  lower  passage,  as  the  case  may  be,  into  the  cqndenser  N,  where 
it  is  condensed  by  a  shower  of  water  passing  through  the  injectiifti 
Gock,  regulated  by  the  handle  F.  The  condensed  steam  and  the 
vapor  are  subsequently  withdrawn  through  the  valve  L  into  the 
air-pump  I,  during  the  ascent  of  the  air-pump  bucket  J,  which  is 
worked  by  a  pump  rod  K,  carried  by  a  cross-head,  connected  by 
side  links  with  the  side-levers.  On  the  descent  of  the  pump- 
bucket,  the  water  &c.  beneath  it  passes  through  the  annular  valve 
around  the  pump  rod ;  and  when  the  bucket  again  ascends,  the 
water  &c.  upon  it  is  expelled  through  the  clack-valve  Jf  into  the 
hot  well  P,  whence  a  portion  of  it  is  drawn  by  a  feed-pump  to 
supply  the  boiler,  the  rest  passing  out  through  the  ship's  side. 
^  is  an  air-vessel  ta  prevent  shocks.  The  air-pump  barrel  and 
rod  are  lined  with  brass,  so  that  they  may  not  be  acted  upon  by 
the  injection  •water.  The  passage  leading  from  the  condenser  to* 
the  air-pump  is  continued  beyond  it,  terminating  with  a  chamber 
fitted  with  a  shifting  valve.  There  are  also  furnished  bilge  pumps 
worked  by  the  side-levers,  but  not  shown  in  the  Plate. 

It  will  be  observed  that  in  this  engine  care  is  taken  that  the 
injection  water  should  not  strike  against  the  sides  of  the  vessels 
unnecessarily ;  and  this  is  a  point  worthy  of  attention,  as  a  jet  of 
water  striicing  an  iron  plate  will  not  fail  to  reduce  its  thickness. 

Plate  XXIY.  represents  an  elevation  and  section  of  a  direct- 
action  screw-propeUer  engine :  the  air-pump  and  the  cylinder  on 
the  right-hand  side  of  the  plate  being  shown  in  section.  The 
cylinders  are  placed  in  a  horizontal  position,  one  on  either  side  of 
the  main  shaft.  Their  diameter  is  very  great  in  proportion  to 
their  stroke.  The  slide-valves  are  short,  being  enclosed,  as  usual, 
in  a  steam-chest  or  slide-jacket.  Stout  piston  rods  pass  througli 
Btufllng-boxes  in  the  cylinder-covers,  and  terminate  in  guide-blocks 
moving  between  stout  horizontal  guide-bars.  The  guide-blocka 
are  attached  to  short  connecting  rods,  which  act  upon  the  crank  of 
the  main  shaft.  Each  slide-valve  has  a  pair  of  eccentrics  and  a 
link  to  work  it  similar  to  those  of  a  locomotive,  one  being  so  fixed 
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as  to  drive  tlie  engine  forward,  whilst  the  other  is  adjusted  to  drive 

it  backward.    This  link  is  raised  and  lowered  when  necessary  by 

means  of  a  rack  and  pinion  worked  by  a  hand-wheeL    The  air^ 

pump  is  placed  vertically  beneath  the  main  shaft,  and  the  air-pump 

rod  terminates  in  a  block,  working  between  vertical  guides.    This 

goide-block  is  driven  by  a  short  crank,  by  means  of  a  connecting 

link,  to  the  head  of  which  two  other  links  are  also  attached  to 

work  the  remaining  pumps.    Upon  each  side  of  the  air-pump  are 

condensers,  upon  which  the  hot  wells  are  placed.    The  air-pump 

bucket  is  furnished  with  a  large  annular  valve,  as  shown. 

The  steam,  having  done  its  duty  in  the  cylinder,  passes  thence 
into  one  of  the  condensers,  whence  the  condensed  steam  aud  in- 
jection  water  are  withdrawn  through  the  clack-valves  at  the  foot 
of  the  air-pump.  On  the  descent  of  the  air-pump  bucket  the  water 
beneath  it  passes  through  the  annular  valve,  and  when  it  again 
ascends  the  water  is  expelled  through  the  upper  clacks  into  the 
hot  wells.  The  throttle- valve  is  shown  in  the  section  of  the  steam- 
pipe  above  the  right-hand  cylinder. 

The  foregoing  is  a  very  fSur  example  of  one  class  of  scre[W- 
'propeller  engines^  and  the  principle  is  very  frequently  adopted,  the 
screw-propeller  of  tne  Great  Eastern  being  driven  by  engines 
having  horizontal  cylinders. 

As  the  space  is  very  Confined  in  which  screw  engines  are  re 
quired  to  work,  trunk  engines  are  frequently  used.    Disc  engincb 
have  also  been  applied,  but  have  not  come  into  general  use.    In 
Stothert^s  engines  the  cylinders  are  placed  above  the  screw-shaft^ 
at  aa  angle  of  45^  to  the  horizon. 

As  in  some  cases  where  the  air-pumps  are  furnished  with  metal 
valves  the  velocity  of  the  engine  is  injuriously  high,  tooth-gear  is 
applied  to  reduce  the  speed,  the  air-pump  being  driven  from  a 
secondary  shaft. 


CHAPTBB  XXI. 


ON  LOOOKOTiyB  ENGINES. 


The  general  form  of  locomotiye  engines  necessarily  admits  of 
but  little  Yariation^  although  the  details  frequently  present  very 
different  features.  Plates  XXY.  and  XXYI.  are  illusttatiye  of  a 
locomotiye  engine  constructed  by  Messrs.  Bobert  Stephenson  and 
Co.,  for  the  York,  Newcastle,  and  Berwick  Railway, — ^the  former 
being  a  longitudinal  section,  and  the  latter  a  horizontal  section. 

The  engine,  it  will  be  observed,  is  based  upon  stout  fituning^ 
carried  upon  six  wheels,  the  centre  pair  acting  as  driying-wheels. 
The  boiler  of  this  engine  consists  as  usual  of  two  parts,  the  fire- 
box and  casing,  and  the  barrel.  The  fire-box  is  about  three  feet 
six  inches  wide,  by  three  feet  nine  long,  and  fiye  feet  deep ;  the 
casing  around  it  being  four  feet  three  inches  wide,  four  feet  six 
inches  in  length,  and  six  feet  nine  in  height;  the  fire-box  and 
casing  being  stayed  together  by  894  ties.  The  fire-bars  which 
form  the  grate  are  placed  close  to  the  bottom  of  the  fire-box,  being 
eighteen  in  number.  The  crown  of  the  fire-box  is  strengthened 
by  nine  ribs,  each  of  which  is  fiye  inches  deep  at  the  centre  and 
three  inches  at  the  extremities,  attached  to  the  crown  of  the  fire- 
box by  nine  bolts.  The  flame  and  gases  paas  fjcom  the  fire-box  to 
«the  smoke-box  through  six  rows  of  tubes,  about  one  and  a  half 
inches  in  diameter.  Aboye  the  fire-box  and  proceeding  from  the 
casing  is  the  steam-whistle,  also  the  safety -yalyes,  and  oyer  the 
centre  of  the  barrel  of  the  boiler  is  the  steam-dome,  within  which 
rises  the  steam-pipe  as  shown,  the  end  of  which  is  coyered  by  a 
slide,  wrought  by  an  arm  fixed  upon  the  extremity  of  a  shaft  which 
passes  through  a  stuffing-box  at  the  back  of  the  boiler,  w*here  a 
handle  is  attached  to  it  to  regulate  the  admission  of  the  ste^m  to 
the  engine.  A  short  passage  from  the  fire-box  to  the  casing, 
closed  by  a  fire-door,  afibrds  the  means  of  supplying  the  fire  with 
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fdel.  The  boiler,  whioh  is  well  olothed,  is  attached  to  the  framing 
by  p)ate  and  angle-iron  braokets.  The  cylinders  are  placed  in  the 
smoke-box ;  the  horizontal  steam-pipe  from  the  boiler  terminating 
in  a  breeches-pipe,  the  extremities  of  which  communicate  with  the 
steam-chests  which  are  placed  outside  the  cylinders.  Between  the 
cylinders  rises  the  blast-pipe,  which  terminates  just  below  the 
chinmey.  The  pistons  carry  piston  rods,  which  terminate  in 
forked-heads,  through  which  a  gudgeon  passes  carrying  at  its 
extremities,  guide-blocks,  sliding  between  horizontal  guide-bars, 
the  extremities  of  these  guide-bars  being  bolted  to  the  brackets 
previously  alluded  to.  The  guide-block  gudgeon  is  embraced  by 
the  smaller  end  of  the  connecting  rod,  of  which  the  larger  extremity 
embraces  the  crank-pin,  both  ends  being  fiimished  with  suitable 
hearings.  The  cranks  are  forged  upon  the  driving-axle,  and  out* 
side  them  are  bearings  carried  in  an  axle-box,  placed  between 
hom-plates,  as  shown,  and  vertically  acting  upon  springs  by  which 
the  weight  of  the  engine  and  boiler  is  partly  sustained.  The 
driying- wheels,  which  have  plain  tires,  are  placed  directly  outside 
the  axle-boxes,  and  beyond  the  wheels  are  the  back  and  forward 
eccentrics,  the  rods  of  which  are  jointed  to  the  extremities  of  a 
link,  and  as  this  link  is  raised  or  lowered,  one  or  the  other  eccentrio 
is  caused  to  work  the  slide-valve  in  the  manner  already  explained. 
This  link  is  connected  with  one  end  of  a  double  arm  attached  to 
a  weigh-shaft,  and  to  the  other  arm  is  fixed  a  weight  to  balance 
that  of  the  link. 

From  one  of  the  eccentrics  of  each  pair  proceeds  a  link  by  which 
a  feed-pump  placed  at  the  side  of  the  fire-box  is  worked,  this  feed- 
pump being  of  the  ordinary  plunger  description,  and  drawing 
water  from  the  tender  to  supply  the  boiler. 

The  leading  and  trailing- wheels  of  the  engine  require  no  special « 
explanation,*  being  of  the  ordinary  description.  The  admission 
of  water  to  the  feed-pump  is  regulated  by  a  stop-cock.  The  boiler 
is  fumi^ed  with  the  usual  water  and  pressure-gauges  and  gauge- 
cocks,  and  the  cylinders  with  blow-through- cocks.  To  the- front 
of  the  framing  buffers  are  attached,  also  fenders,  to  dear  the  line 
of  obstacles. 

Some  locomotives  are  frimished  with  donkey-engines  to  supply 
the  boiler  with  water^  while  the  engine  is  standing  still.  The 
furnaces  are  frequently  arranged  to  bum  coal  without  emitting 

14 


210 


3I£CHANIGAL  KX0INEEBD7G. 


smoke^  and  the  exhaust  steam  is  sometimes  caused  to  pass  through 
the  feed- water  before  being  discharged  from  the  chimney.  Means 
are  also  supplied  to  pass  the  surplus  steam  into  the  feed- water 
when  the  engine  is  standing  still. 

For  some  time  a  new  description  of  locomotive  engines  has  been 
somewhat  extensively  employed  on  a  northern  French  line  of  rail- 
way, and  it  is  said  with  considerable  success.  In  this  engine  the 
heated  air  and  gases  from  the  fiimace,  after  traversing  the  tabes 
through  the  barrel  of  the  boiler,  return  through  other  tubes  on 
the  top  of  the  boiler,  thereby  superheating  the  steam.  The  fun- 
nel finally  rises  almost  above  the  foot-plate.  Some  of  these  engines 
are  furnished  with  four  cylinders;  two  at  each  end  of  the  framing. 


CHAPTER  XXn. 


ON  BOAD  LOCOMOTIVES. 


CoKVJLL  witli  Watt's  great  improvement  in  the  steam-engine  was 
the  attempt  to  apply  steam-power  to  propel  carriages  on  ordinary 
roads,  and  many  inventors  made  strenuous  efforts  to  obtain  results 
of  practical  utility ;  but  so  great  were  the  diffictdties  which  must 
be  surmounted  before  arriving  at  the  desired  end,  and  so  inefficient 
the  means  at  disposal  to  overcome  such  obstacles,  that  the  subject 
gradually  ceased  to  absorb  so  much  of  the  attention  of  scientific 
men,  whose  energies  were  turned  to  such  branches  of  constructive 
art  as  appeared  to  promise  more  certain  and  more  speedy  remun- 
eration; so  that  after  the  experiments  of  Murdoch,  Trevethick, 
Gumey,  Hancock,  and  some  others,  but  little  was  heard  of  local 
locomotion  until  the  subject  was  again  brought  before  the  public 
a  few  years  since.  The  stagnation  which  existed  for  a  time  in  this 
interesting  department  of  engineering  is  probably  due  to  the  great 
interest  excited  on  behalf  of  the  railways;  for  we  j&nd,  as  the 
novelty  of  the  latter  passed  off,  and  as  railways  became  a  part  of 
the  every-day  system  of  life,  that  traction-engines,  steam-carriages, 
and  agricultural  locomotives,  began  to  reappear  under  more  auspi- 
cious circumstances  than  had  hitherto  been  attendant  upon  their 
application  to  practice. 

The  introduction,  however,  of  steam-carriages  and  traction- 
engines  into  general  use,  was  by  no  meai^  so  easy  as  it  might  at 
first  sight  appear,  the  practical  difficulties  being  materially  in- 
creased by  want  of  experience ;  the  mechanical  facilities  now  au 
the  disposal  of  engineers  of  course  obviated  some  of  the  incon- 
veniences, but  it  is  now  evident  that  theory,  however,  well  con- 
sidered, or  however  accurate  in  itself,  is  utterly  useless  when 
applied  to  our  present  subject.    Experiments  alone  could  supply 
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the  requisite  information,  and  as  no  ayailable  experience  liad  been 
had,  numerous  experiments  were  found  necessary,  each  being 
costly,  and  most  of  them  unsatisfactory.  We  will  now^refer  to 
the  principal  impediments  which  have  from  time  to  time  arisen. 

When  the  locomotives  made  their  ^ond  appearance  upon  our 
roa4s  a  cry  was  raised  by  the  public  that  horses  meeting  or  pass- 
ing them  would  be  terrified.  This  objection  would  probably  have 
occupied  but  little  atteation,  had  the  public  been  acquainted  with 
the  reaj  dij£culties  of  a  mechanical  character ;  and  moreover,  the 
opinion  has  proved  incorrect,  so  far  as  the  metropolis  i^  concerned, 
where  the  ordinary  bustle  of  traffic  was  sufficient  to  prevent  the 
noises  of  exhaust-steam  and  machinery  in  motion  fixmi  attracting 
special  attention,  though  there  may  be  some  danger  of  accidents 
from  this  cause  on  country  roads  and  lanes. 

The  arrangement  of  the  machinery  must  of  course  depend  upon 
the  vicissitudes  to  which  it  will  be  subjected,  and  which  arise  from 
the  inequalities  of  the  roads  on  which  the  engine  is  destined  to 
work.  The  road  will  of  course  be  liable  to  elevatidns  and  depres- 
sions, the  effect  of  which  will  be,  to  raise  one  or  both  of  the  driv- 
ing-wheels, hence  the  machinery  will  be  strained.  The  commonest 
method  of  drawing  has  been  as  follows :  The  engines  are  fixed  on 
the  top  of  the  boiler,  and  drive  on  to  a  shaft  carrying  spur- wheels, 
which  act  either  directly  or  .through  intermediate  gearing  upon 
the  driving-wheels,  which  w^re  attached  to  the  framework  by 
spring.  The  result  of  this  arrangement  was^  that  if  both  driving- 
wheels  rose,  the  distance  between  the  centres  of  the  toothed  wheels 
was  altered,  and  the  teeth  frequently  broken ;  and,  on  the  other 
hand,  if  one  wheel  alone  rose  through  passing  over' an  obstacle,  an 
amount  of  cant  would  be  brought  upon  the  shafting,  giving  rise  to 
a  vast  amount  of  friction,  and  occasionally  resulting  in  breaking 
the  cranks.  The  means  of  overcoming  such  difficulties  as  these 
do  not  appear  very  obvious,  but  we  shall  presently  have  occasion 
to  refer  to  some  engines  in  which  even  these  grave  obstacles  are 
surmounted  by  an  ingenious  disposition  of  the  nyichinery.  An- 
other point  requiring  some  consideration  is  the  means  of  seeming 
sufficient  adhesion  between  the  roads  and  the  peripheries  of  ihe 
driving-wheels  of  the  engine,  which,  however,  does  not  present 
any  serious  impediment  to  the  progress  of  this  department  of  me- 
chanical engineering.    We  will  now  mention  some  of  the  principal 
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(^aracteristiGS  of  the  most  important  engines  which  have  yet  ap 
peared. 

Bojdell's  traction-engine  was  one  of  the  first  that  appeared ;  the 
wheds  were  fhmished  with  shoes,  suspended  from  its  periphery 
bj  iron  loops,  so  that  each  shoe  ca^e  down  in  turn  upon  the 
ground,  and  formed  a,rail  over  which  the  engine  could  run,  the 
shoe  being  raised  off  the  ground  as  soon  as  the  wheel  had  left  it, 
the  series  being  called  an  endless  railway,  and  enabling  the  engine  > 
to  pass  over  soft  or  rocky  groimd  with  comparative  ease,  at  the  same 
time  insuring  sufficient  friction  to  prevent  the  wheel  from  slipping. 

Another  traction-engine,  well  known,  is  Bray's,  and  the  moat 
remarkable  feature  about  this  machine  is,  that  the  wheel  is  fur- 
nished with  movable  teeth,  the  object  of  which  is  to  give  a  greater 
hold  upon  soft  or  sloppy  soil ;  these  teeth  only  project  to  their  fidl 
extent  at  one  point  of  the  periphery  of  the  wheel,  and  at  a  point 
diametrically  opposite  the  teeth  are  not  visible.  These  teeth  are 
attached  to  arms  acted  upon  by  an  eccentric  placed  upon  the  axle 
of  the  driving  shaft,  and  according  to  the  position  in  which  this 
eccentric  is  placed,  being  adjustable  by  a  worm-wheel  and  tangent 
screw,  so  the  teeth  are  caused  to  project  at  any  desired  part  of  the 
periphery  of  the  driving-wheel.  When  running  over  a  hard  road, 
the  teeth  are^iot  required  to  act,  wherefore  they  are  caused  to  pro- 
trude at  the  upper  part  of  the  wh^l,  whereas,  if  the  ground  be 
soft,  they  are  caused  to  protrude  ^t  or  near  the  bottom  of  the 
wheeL  In  running  over  soft  clayey  ground  masses  of  day  adhere 
to  the  teeth,  but  as  the  latter  are  gradually  drawn  into  the  wheel 
through  slots  in  the  tire,  this  clay  is  cleaned  off  There  is  one 
great  disadvantage  attending  the  use  of  teeth  as  above  described, 
which  is,  that  a  considerable  amount  of  power  is  absorbed  in  over- 
coming the  friction  of  the  teeth. 

Some  notable  improvements  were  introduced  into  Longstaff  and 
Fullan's  traction-engines,  in  which  the  engines  were  carried  upon 
vibrating  frames,  the  gearing  being  always  kept  in  its  right  posi- 
tion by  means  of  a  species  of  link  called  a  sling.  This  engine 
was  also  heated  with  Fullan's  superheatei:,  whereby  superior 
economy  was  obtained. 

Very  frequently  the  ordinary  spur  gearing  described  above  has 
been  dispensed  with,  motion  being  transmitted  from  the  driving- 
pinion  to  the  driving-wheel  by  means  of  a  chain. 
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Messrs.  Pullan  and  Lake  have  recently  patented  some  improve- 
ments of  a  very  practical  and  extensive  character  in  t^*action-en- 
gines  and  road  locomotives,  which,  indeed,  appear  to  combine  all 
the  qualities  desirable  in  a  traction-engine.  A  side  elevation  and 
an  end  -view  of  Messrs.  Pullan  and  Lakers  agricultural  locomotive 
is  shown  at  Plate  XXV 11.  The  cylinders  are  mounted  on  the  top 
of  the  barrel  of  the*  boiler,  as  shown,  the  piston  rod  head  being 
guided  by  means  of  a  short  tube,  moving  on  a  horizontal  round 
bar.  From  these  piston  rods  proceed  connecting  rods  to  a  main 
shaft  of  the  usual  form,  which  is  furnished  with  a  fly-wheel,  as 
the  engine  is  intended  to  drive  thrashing-machines  and  other  agri- 
cultural machines.  In  the  end  elevation  the  crank-shaft  and 
counter-shaft  are  omitted,  their  positions  being  indicated  by  the 
dotted  lines.  This  engine  is  furnished  with  gearing  arranged  to 
give  two  speeds;  the  position  of  the  gearing  is  shown  in  the 
drawing.  Suitable  clutches  are  furnished  for  working  this  gear. 
The  driving-wheel  is  caused  to  rotate  by  means  of  a  chain  acting 
upon  a  toothed  wheel,  ad  shown.  This  chain  is  liable  in  the  course 
of  time  to  yield  and  become  loose,  wherefore  it  is  necessary  to 
have  some  means  of  increasing  at  will  the  distance  between  the 
counter-shaft  and  the  axle  of  the  driving-wheel,  and  such  means, 
are  supplied  by  the  following  arrangement.  The  axle  of  the  driv- 
ing-wheels is  carried  by  an  eccentric^*  which  may  be  caused  to 
revolve  by  means  of  a  tangent  screw  placed  beneath  it,  and  by 
means  of  this' eccentric  the  driving-chain  can  be  tightened  at  will. 
The  engine  is  Airnished  with  a  common  governor,  for  use  when  it 
is  acting  as  a  stationary  engine,  and  which  may  be  disconnected 
when  the  engine  is  running.  The  reversing  gear  is  similar  to  that 
of  an  ordinary  locomotive,  and  the  driving-wheels  carry  plates  on 
their  peripheries  intended  to  give  a  better  hold  upon  the  road. 
These  wheels  may  also  be  supplied  with  teeth,  which  may  be  with- 
drawn when  necessary  by  means  of  a  screw :  thus  we  have  the 
advantage  of  having  movable  teeth  without  the  friction  inherent 
to  Bray's  arrangement.  Behind  the  driving-wheel  and  just  above 
the  eccentric,  is  shown  in  dotted  lines  the  feed-pump,  and  about 
two  feet  £Eirther,  towards  the  hinder  part  of  the  engine,  is  shown  an 
outside  pump,  in  connection  with  which  is  a  three-way  cock,  by 
means  of  which  the  pump  can  be  used  to  fill  the  water-tank  or  the 
boiler,  or  to  expel  water  through  a  jet,  after  the  manner  of  a  fire- 


KOAD  L0C0M0TIVS3.  215 

engine.  This  engine  is  also  sometimes  furnished  with  the  super- 
heater above  alluded  to.  The  engine  is  steered  by  means  of  ap- 
paratus placed  in  front  of  the  boiler,  motion  being  imparted  from 
a  hand- wheel  through  suitable  bevel  wheels,  and  a  pinion  to  the 
toothed  segment  upon  the  driving-axle  of  the  leading  wheels. 
When  it  would  be  more  convenient  to  dispense  with  the  steering 
apparatus,  the  latter  can  be  removed  bj  withdrawing  it  from  the 
socke  in  which  the  bar  supporting  it  is  keyed ;  hence  this  machine 
may  be  used  either  as  a  common  portable  engine,  drawn  by  horses, 
or  as  an  agricultural  locojnotive  engine. 

In  Fullan  and  Lake's  traction-engine,  patented  at  the  same  time 
as  the  locomotive  above  described,  many  advantages  are  combined. 
The  engines  are  carried  on  a  frame  distinct  fi*om  the  boiler,  and 
are  protected  from  the  weather  by  suitable  covering ;  gearing  is 
used  for  drivings  in  place  of»  the  chain  described  above»  and  a  most 
beautiftd  and  ingenious  arrangement  is  adopted  in  the  construction 
of  the  driving-wheels,  which  secures  the  gear  against  breakage. 
The  wheels  are  also  furnished  with  teeth,  which  may  be  caused  to 
act  or  not  by  a  simple  adjusting  contrivance,  of  which  there  are 
many  varieties.  The  result  of  the  form  of  this  engine  is  such  that 
it  is  quite  safe  in  running  over  any  ground ;  for,  if  the  axis  of  the 
driving-wheels  be  canted  in  one  direction  and  that  of  the  leading 
wheels  in  the  other,  no  dangerous  results  would  ensue.  Two  or 
three  of  these  engines  have  already  been  made,  and  have  been 
{bond  most  efficient,  some  of  them  having  been  frimished  with 
super  heaters  and  some  with  contrivances  to  prevent  ihe  boiler 
from  priming. 
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The  constant  increase  in  height  and  other  dimensions  of  the 
buildings  in  oar  large  towns^  has  long  called  for  more  efBicient 
means  of  extinguishing  conflagrations  than  those  supplied  by  the 
ordinary  hand-engines.  This  necessity  app^^  lately  to  have  been 
better  understood  than  before,  and  consequently  steam  flre-ebgines 
are  gradually  coming  into  extensive  use. 

For  many  years  the  floating  fire-engines  were  the  only  ones  in 
the  metropolis  worked  by  steam,  but  some  time  since,  one  of 
Messrs,  Shand  and  Mason's  steam  fire-engines  was  supplied  to  the 
London  Fire  Brigade.  This  engine  has  a  short  upright  boiler  and 
a  horizontal  cylinder,  acting  direct  upon  the  pump.  Upon  the 
piston  rod  is  forged  a  slotted  link,  and  in  the  slot  mores  a  crank- 
pin,  being  part  of  a  crank  attached  to  a  shafts  and  cariying  a  fly-- 
wheel and  the  usual  gear  for  working  the  slide-valve,  &o.  This 
eogine  is  always  kept  ready  for  service,  the  water  in  the  boiler  and 
also  the  steam-cylinder  being  kept  hot  by  gas  burners,  so  that  in 
a  very  few  minutes  steam  can  be  raised  to  work  the  engine.  This 
engine  must  be  looked  upon  in  the  light  of  an  experiment  which 
has  proved  eminently  successful,  having  done  good  service  at  many 
metropolitan  fires  under  the  superintendence  of  Mr.  Gerrod,  the 
engineer  to  the  Brigade. 

Messrs.  Shand  and  Mason  have  made  many  improvements  in 
the  engines  constructed  subsequently  to  that  ikbove  mentioned,  and 
there  seems  to  be  but  little  doubt  of  steam  fire-engines  coming  ex 
tensi  vely  into  use. 

A  shortk  time  since  Mr.  Wellington  Lee,  of  the  firm  of  Lee  and 
Larned  of  New  York,  imported  an  American  steam  fire-engine, 
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which  was  tried  at  Mr.  Hodge's  distillery,  under  Mr.  Lee's  .super- 
intendence. The  boiler  is  oonstructed  with  a  view  to  raising  steam 
npidly,  and  in  this  it  proved  eminently  suocessful. 

An  objection  has  been  raised  by  some  to  horizontal  pumps,  on 
the  ground  that  any  grit  in  the  water  will  settle  upon  and  injure 
the  lower  part'  of  the  internal  sur&ce ;  but  this  has  been  contra- 
dieted,  as  some  horizontal  pumps  which  have  been  at  work  with 
foul  water  for  some  considerable  time  have  remained  uninjured. 
But  it  is  certain  that  grit  may  be  injurious  under  some  circum- 
stances, as  was  experimentally  proved  by  Mr.  Boberts,  who  caused 
a  fire-engine  to  be  worked  with  water  containing  a  sediment,  which 
was  kept  constantly  stirred  up  while  the  experiment  lasted,  that  is 
to  say,  for  about  twenty  minutes,  when  it  was  found  that  the  sur&ce 
of  the  pump  was  much  injured. 

We  have  selected,  as  an  example  for  illustration,  a  fire-engine  of 
peculiar  construction,  manufactured  by  Messrs.  Silsby,  Mynderse, 
and  Co.,  of  New  York.    A  side  elevation  -is  shown  in  Plate 

xxvm. 

It  is  ftimished  with  an  upright  boiler  of  the  multitubular 
description,  containing  three  hundred  one  and  a  quarter  inch  tubes. 
In  the  lower  part  of  the  chimney  is  placed  a  fan  or  blower, 
which  receives  its  motion  from  one  of  the  hind  wheels  of  the  engine 
by  means  of  a  band,  the  object  of  which  is  to  create  a  draught  and 
raise  the  steam  rapidly,  while  the  engine  is  being  drawn  to  the  spot 
where  its  services  are  required.    At  the  back  part  of  the  carriage 
and  behind  the  boiler  is  fixed  a  rotary  engine,  constructed  accord^ 
iug  to  Holly's  patent ;  which  engine  causes  a  shaft  to  rotate,  the 
shaft  passing  nearly  the  entire  length  of  the  carriage  and  driving 
a  pump  constructed  on  the  same  principle  as  the  engine,  and  fixed 
close  behind  the  driver's  seat  in  front  of  the  chimney.    Just  below 
the  boiler  in  front  of  the  frame  work,  is  fixed  a  rotary  donkey 
engine  and  pump  combined,  similar  in  every  respect  to  the  main 
engine  and  pump,  and  intended  to  supply  the  boiler  with  water 
when  the  main  engine  is  at  work.    An  ordinary  feed  pump  is 
geared  by  ordinary  bevel  wheels  to  the  main  shaft.    The  steam- 
pipe  is  seen  proceeding  from  the  top  of  the  boiler  in  a  curved  form 
down  to  the  rotary  engine,  and  the  exhaust-pipe  is  seen'  passing 
from  the  boUer  upwards  to  the  funneh    The  usual  steam- whistlei 
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eafety-yalve^  and  other  valves  and  gauges  are  applied  to  the  boiler ; 
the  engine  is  supported  by  india-rubber  springs.  A  heater  is  fur- 
nished to  heat  the  feed  water  passing  to  the  boiler.  The  weight 
of  the  engine  is  from  two  to  two  and  a  half  tons,  and  it  is  said  to 
be  capable  of  throwing  a  one  and  a  half  inch  stream  of  water  to 
a  distance  of  a  hundred  and  seventy  feet,  when  working  at  a  pres- 
sure of  about  fifty  pounds  on  the  square  inch. 


i 


CHAPTER  XXIV. 

ON  BOILEBS  OSNSBALLT,  AND  A  RADICAL  REFORM  IN  THOSE 

FOR  MARINE  PURPOSES  SUGGESTED. 
f 

The  design  of  the  present  treatise  is  to  place  the  reader  in 
possession  of  sound  information  respecting  some  of  the  best  kind 
of 'boilers  at  present  in  nse,  and  also  to  indicate  the  course  which 
futore  improvements,  to  be  efficient  and  of  material  benefit,  must 
necessarily  pursue. 

The  subject  of  smoke-burning,  which  is  reckoned  one  of  the 
important  topics  of  the  present  day,  I  have  endeavored  toillustrate 
in  such  a  manner  as  both  to  correct  the  erroneous  and  exaggerated 
statements  made  by  interested  patentees,  and  to.  convey  just  and 
moderate  ideas  upon  that  subject. 

The  explosions  of  boilers  is  a  question  still  involved  in  much 
obscurity,  some  of  which  will,  I  hope,  be  dissipated  by  the  remarks 
I  have  offered,  and  as  the  general  introduction  of  steam  of  a  higher 
pressure  seems  to  be  inevitable,  this  is  a  subject  which  more  than 
heretofore  stands  in  need  of  elucidation. 

I  have  much  gratification  in  being  able  to  present  the  present 

treatise  enriched  by  the  additions  and  corrections  of  Mr.  Bourne, 

^  which  he  has  kindly  furnished  in  conformity  with  the  friendly 

feeling  which  he  has  constantly  manifested  towards  me  for  many 

years. 


IHTBODnOTOBT  HOTE,  BT  JOHN  BOURNE,  ESQ. 

• 

Mr.  Armstrong  has  requested  me  to  revise  and  add  some  notes 

to  his  present  treatise  on  steam-boilers, — a  task  which  my  esteem 

for  him  has  induced  me  willingly  to  undertake,  though  I  do  not 

know  that  any  remarks  of  mine  upon  this  subject  can  add  weight' 

to  the  doctrines  of  so  established  an  authority.    It  is  well  known 
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to  engineers  that  Mr.  Ai*mstrong  has  had  a  more  extended  experi- 
ence, and  possesses  probably  a  more  accurate  practical  acquaint- 
ance with  boilers  and  furnaces  than  any  other  person  now  living, 
and  the  public  has  reason  to  feel  grateful  that  an  engineer  of  such 
eminent  capacity  upon  these  subjects  vouchsafes  to  offer  them  the 
fruits  of  his  long  and  extensive  practice.  Of  all  kinds  of  books 
there  are  none  so  exhausting  as  books  upon  practical  engineering. 
Truths  of  the  most  eminent  value,  and  results  which  it  may  have 
required  painful  labor  to, collect  are  dispatched  in  the  compass  of 
a  few  brief  sentences,  without  any  manifestation,  at  least  to  the 
cursory  reader,  of  the  toil  and  reflection  involved  in  the  brief 
exposition*  Such  works  are  in  &ct  the  essence  of  thougH.  There 
are  consequently  few  of  them  written,  and  it  ought  to  be  appreci- 
ated as  a  service  to  humanity  when  such  men  as  Mr.  Armstrong 
come  forward  to  lay  before  the  public  results  which  it  has  taken 
a  life  of  labor  to  attain. 

The  three  topics  of  which  Mr.  Armstrong  has  mainly  treated  in 
the  present  treatise  are,  first,  the  Necessity  of  Strong  Boilers ; 
.second^  Smoke-Burning;  and  third.  Explosions.  Upon  each  of 
these  topics  I  propose  to  offer  a  few  remarks,  partly  in  recapitula- 
tion of  what  Mr.  Armstrong  has  said,  and  partly  as  exhibiting  the 
results  of  my  own  experience,  or  the  nature  of  my  own  opinions 
on  those  subjects. 

HIGH-PBESSUBE  8TEAH. 

Becent  investigations  have  led  to  the  discovery  that  heat  and 
power  are  mutually  convertible,  and  we  are  able  to  tell  what  rise 
of  temperature  the  expenditure  of  a  given  amount  of  mechanical 
power  would  impart  to  water,  and  reciprocally  what  quantity  of 
power  a  given  quantity  of  heat  if  used  in  a  perfect  engine  %^ould 
produce*  One  result  of  this  discovery  is  the  manifestation  of  the 
great  loss  of  power  in  the  best  existing  steam-engines.  The  best 
class  of  Cornish  engines  do  not  utilize  above  one-tenth  part  of  the 
heat  expended  in  working  them,  so  that  in  the  best  engines  about 
nine-terUfis  of  the  power  is  lost.  The  theoretidal  condition  imder 
which  we  would  obtain  the  full  effect  of  the  heat  in  a  steam-engine 
consists  in  beating  the  water  to  the  temperature  of  the  furnace, 
and  in  suffering  this  superheated  water  to  expand  under  such  cir* 
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CTunstances,  that  during  its  expansion  it  would  produce  power.    In 
ordinary  engines,  however,  this  condition  cannot  be  observed,  but 
it  will  be  approached  by  using  steam  of  a  high  pressure  and  of  an 
elevated  temperature.    The  economy  of  fuel  has  now  become  an 
object  of  paramount  importance  in  engines  of  every  class,  but 
more  especially  so  in  the  case  of  steam  navigation ;  as  there,  not 
merely  the  expense  of  the  fuel  but  the  expense  of  carrying  it  must 
be  incurred.    To  attain  even  .a  moderate  measure  of  economy, 
steam  of  a  high  pressure  and  elevated  temperature  is  indispensable, 
and  if  we  have  steam  of  a  high  pressure  we  must  have  a  class  of 
boilers  introduced  into  steam  vessels  which  will  be  able  to  bear  it. 
Mr.  Armstrong  has  addressed  some  of  his  remarks  to  this  im- 
portant question,  and  his  opinion  seems  to  be  that  a  modification 
of  that  species  of  boiler  termed  sometimes  the  French  boiler,  and 
sometimes  the  Elephant  boiler  is  the  most  suitable  for  the  altered 
circumstances  of  steam  navigation.    It  is  clear  that  a  boiler,  to  be 
able  to  bear  a  high  pressure  with  safety,  and  without  being  encum- 
bered with  needless  stays,  should  be  a  boiler  with  a  cylindrical  shell, 
not  too  large  in  diameter.    The  furnace  of  such  a  boiler  may  either 
be  within  it  or  beneath  it,    I  cannot  say  that  I  think  internal 
furnaces  very  safe  with  high  pressures.     If  they  get  even  slightly 
out  of  shape  they  are  liable  to  collapse ;  and  whereas,  in  the  case 
of  a  cylindrical  shell,  the  tendency  of  the  internal  pressure  is  to 
restore  the  cylindrical  form  should  it  have  been  accidentally 
disturbed,  in  the  case  of  a  cylindrical  flue  or  furnace-tube  where 
the  pressure  is  external,  the  tendency  of  the  pressure  is  to  destroy 
the  cylindrical  form,  should  it  have  been  disturbed  accidentally, 
by  overheating  or  otherwise.    My  opinion,  therefore,  is,  that  a 
fire  beneaith  the  boiler  is,  so  &r  as  regards  safety,  better  than  a  fire 
within  it,  supposing  that  the  water  is  clean  and  that  there  is  no 
depQsit.    In  marine  boilers,  however,  there  is  a  sediment  like 
mortar,  which,  if  allowed  to  subside  to  the  bottom  of  the  boiler, 
and  a  fire  be,  at  the  same  time,  applied  to  the  bottom,  will  cause 
the  iron  to  be  burned.    But  by  providing  collecting  vessels  within 
the  boiler  the  deposit  will  take  place  within  them,  and  may  be 
from  thence  blown  out  into  the  sea ;  and  if  the  operation  of  blowing 
off  the  boilers  be  sufiiciently  practised,  there  will,  in  point  of  fact, 
be  no  sediment  at  all.    By  the   application,  therefore,  of  such 
simple  expedients  as  a  collecting  vessel  and  a  continuous  blow-oft, 
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boilers  may  be  employed  for-  marine  purposes  which  will  not 
accumulate  scale ;  and,  if  the  formation  of  scale  be  prevented,  a 
species  of  boiler  may  be  used  which  will  enable  high-pressure 
steam  to  be  employed  with  safety.  Steam  of  this  kind,  used 
expansively  in  the  engine,  will  maintain  any  required  speed  of  the 
vessel  with  a  much  smaller  consumption  of  coal  than  would  other- 
wise be  required. 

In  all  engines  working  expansively  it  is  important  to  maintain 
the  temperature  of  the  cylinder  as  high  as  possible,  since  the 
temperature  of  the  steam  is  diminished,  and  a  portion  of  it  is  even 
condensed  within  the  cylinder  in  consequetice  of  the  communica- 
tion of  mechanical  power  to  the  piston.  For,  as  a  certain  weight 
of  steam  has  a  certain  mechanical  equivalent  which  would  be 
realized  if  the  steam  could  be  used  in  an  engine  without  waste,  it 
follows  that  the  steam,  in  so  &r  as  it  exerts  power,  must  lose  heat, 
else  it  would  have  both  the  power  and  the  heat,  which  is  impossi- 
ble. Accordingly,  it  is  found  that  there  is  a  larger  condensation 
in  the  cylinder  of  an  engine  which  is  at  work  than  would  take 
place  if  the  engine  were  not  at  work,  although  the  steam  is 
admitted  to  the  cylinder  freely  in  both  cases.  When  the  engine 
is  stationary  the  whole  condensation  is  that  caused  by  the  radia- 
tion of  heat:  when  the  engine  is  at  work  we  have,  besides  this 
cause,  the  communication  of  mechanical  power  to  the  piston,  which 
can  only  be  effected  at  the  expense  of  some  of  the  heat,  and  there- 
fore, with  a  certain  condensation  of  the  steam  within  the  cylinder. 
In  a  perfect  engine  there  would  be  no  heat  discoverable  in  the 
condenser,  as  the  whole  would  have  been  changed  into  mechanical 
power ;  and,  in  all  Engines,  there  will  be  an  inferior  quantity  of 
heat  in  the  condenser  to  that  which  leaves  the  boiler,  by  the 
equivalent  in  heat  of  the  mechanical  power  generated  in  the  engine. 
Steam-jackets  act  in  counteracting  the  condensation  caused  by  the 
communication  of  power.     , 

SMOEB-BUBNINa. 

* 

With  respect  to  smoke- burning,  the  best  species  of  furnace  for 
the  accomplishment  of  this  object,  without  the  introduction  of 
countervailing  evils,  is  one  which  Mr.  Armstrong  has  designed  for 
Woolwich  Dock  Yard,  on  a  nearly  similar  plan  to  several  erected 
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by  him  in  tbe  Arsenal.  In  this  furnace  the  foremost  length  of  bars 
filopes  somev^bat  towards  tbe  mouth ;  wbereas,  tbe  after  lengtbs  of 
bars  slope  in  the  contrary  direction,  or  towards  tbe  bridge.  At 
the  ridge  wbere  tbe  opposite  slopes  meet>  there  is  a  double  bearing 
bar  which  permits  some  air  to  enter  the  furnace  in  tbat  situation. 
The  coal  in  tbe  foremost  length  of  bars  is  maintained  in  rapid 
combustion,  whereas  the  coal  upon  tbe  after  tier  of  bars  is  under- 
going a  slow  distillation.  In  charging  the  furnace,  tbe  coal  is 
thrown  chiefly  to  tbe  back  end,  so  tbat  the  surface  of  tbe  fuel 
elopes  forward  from  the  bridge  towards  tbe  furnace  mouth.  This 
coal,  being  ligbt^  on  the  top,  becomes  a  kind  of  coal  torch.  The 
gas  generated  by  tbe  beat,  in  passing  through  tbe  ignited  stratum 
on  tbe  surface,  is  consumed ;  and,  from  time  to  time,  tbe  ignited 
embers,  from  which  the  gas  has  been  expelled,  are  raked  forward, 
and  fresh  coal  is  thrown  in  to  maintain  tbe  combustion.  Very 
little  smoke  ise¥olved  from  this  species  of  furnace;  and  it  diifers 
little  from  a  common  fiirnace,  either  in  construction  or  efficiency.* 
The  best  specif  of  furnace,  however,  for  marine  purposes,  is  one 
which,  while  fulfilling  all  other  indications,  will  feed  tbe  fire  by 
self-acting  mechanism.    The  firing  may  be  accoiAplisbed  by  some 

■ 

of  these  expedients,  not  merely  in  a  more  efficient  manner,  but  at 
a  materially  diminished  expense.  In  tbe  case  of  a  boiler  on  land^ 
in  which  a  man  to  look  after  the  engine  and  boiler  is  required  in 
any  case,  tbe  introduction  of  a  firing  machine  to  do  $  portion  of 
his  work  is  not  an  object  of  much  importance.  But  in  tbe  case  of 
tbe  fiirnaces  of  a  steam-vessel,  which  require  a  number  of  men  to 
attend  upon  them  every  watch,  an  important  economy  would  be 
accomplished  by  tbe  substitution  of  mechanism  of  an  efficient 
character, 

EXPLOSIONS. 

The  subject  of  boiler  explosions  is  still  involved  in  a  good  deal 
of  obscurity.  No  doubt  a  frequent,  and  probably  the  most 
frequent,  cause  of  explosion,  is  tbe  sudden  generation  of  steam 
produced  when  the  water-level  has  been  allowed  to  fall  so  low  tbat 

*  A  representation  of  this  newly  designed  famace,  as  applicable  to  an 
**  Elephant"  Boiler,  saitable  for  dockyards,  saw-mills,  Ac,  where  waste  timber 
and  other  varieties  of  mixed  fnel  are  used,  is  given  in  the  frontispiece. 
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the  flues  get  very  hot,  and  then  is  suddenly  raised;  so  tlia«'  ihx, 
water  comes  into  sadden  contact  with  the  heated'  metal.  But 
there  are  other  cases,  in  which  the  water  is  repelled  from  the  iron 
by  a  strong  heat,  though  no  undue  subsidence  of  the  water-level 
has  been  suffered  to  take  place.  There  are  boilers  in  which  the 
natural  order  of  things  is  reversed  when  heat  is  applied, — ^the 
water  being  mostly  in  the  top  part  of  the  boiler,  and  the  steam  in 
the  bottom.  Such  boilers  necessarily  prime  very  much ;  or,  in 
other  words,  much  water  passes  into  the  steam-pipe,  and,  at  the 
same  time,  the  part  of  the  boiler  on  which  the  flame  acts  is  liable 
to  become  overheated  from  the  absence  of  water  in  contact  with 
the  metal  to  conduct  away  the  heat.  There  are  boilers  in  which  a 
lead  rivet  in  the  flues  may,  at  any  time,  be  melted  out  by  firing 
very  strongly ;  the  water  being  so  far  repelled  by  the  heat  as  to 
^enable  the  temperature  of  the  metal  to  rise  to  the  melting  point  of 
lead. 

In  all  boilers  in  which  there  is  ebullition  going  on,  the  apparent 
level  of  the  water  will  be  greater  than  the  true  level,  as  the  ad- 
mijcture  of  steam  swells  the  water,  producing  what  is  call  "false 
water,"  by  the  drivers  of  locomotives.  One  effect  of  this  fictitious 
augmentation  of  bulk  is,  that  when  additions^  feed  water  is  turned 
jon,  from  the  water-level  becoming  too  low,  the  first  effect  is  still 
forther  to  lower  the  water-level.  This  anomaly  is  caused  by  the 
condensation  of  the  steam  mixed  with  the  water  of  the  boiler,  when 
an  additional  quantity  of  cold  or  cool  water  is  introduced ;  but  the 
water  level  may,  at  such  times,  be  again  raised  by  easing  the 
safety-valve,  which  will  enable  the  steam  mixed  with  the  water  to 
swell  to  larger  dimensions  when  the  pressure  is  reduced,  and  thus 
compensate  for  the  partial  condensation  which  the  introduction  of 
additional  feed  water  has  caused. 

One  cause  of  boiler  explosions  Mr.  Armstrong  considers  to  be 
the  unskillful  application  of  smoke-burning  projects^  which  by 
producing  violent  alternations  of  temperature  in  the  boiler  bottom, 
loosen  the  riveted  joints,  and,  finally  cause  them  to  give  way. 
The  occurrence  of  an  accident  of  this  kind  in  a  boiler  fitted  with 
the  smoke-burning  furnace  of  Mr.  Charles  Wye  Williams  has  led 
to  a  wordy  war,  which  has  been  waged  by  that  lively  gentleman 
for  many  years.  Mr.  Williams  is  a  species  of  amateur  engineer ; 
who,  on  the  strength  of  an  acquaintance  with  Ihe  atomic  theory, 
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fiad  other  dementaipy  cbemical  tnifbs,  acquired,  apparently,  late  in 
life,  has  set  np  as  the  engineering  reformer  of  the  age,  in  the 
department  of  smoke-burning ;  and  he  has  obtained  the  approbation 
of  the  "Mechanic's  Magazine^'  and  other  oracles  of  corresponding 
anthoTily.  A  man's  ambition  need  not  be  very  exalted,  which  is 
satisfied  with  such  successes ;  but  if  there  be  gratification  sufficient 
to  compensate  the  ridicule  arising  from  harping  eternally  upon  a 
^%le  trumpery  topic,  there  is  no  reason,  that  I  know  o^  why  it 
shoxilcj  not  be  possessed,  ^ 

^I^o  subject  of  locomotive  boilers  has  been  treated  more  fully 

^^      Mr.  D.  K.  Clark,    in    his    excellent   work   on    "Kailway 

^^chinery,"  than  by  any  other  author,  and  he  has  shown  that  it  is 

hiadvisable  to  make  the  area  of  fire-grate  or  the  area  of  the 

cbimjx&y  very  large,  that  the  smoke-box  should  not  be  of  greater 

opacity  than  is  absolutely  necessary  to  collect  the  hot  air  from 

^e   tul>e8y  and  that  the  blast-pipe  should  stop  short,  by  a  few 

inches^  of  the  foot  of  the  chimney,  instead  of  penetrating  into  it 

"^^  following  table  is  taken  from  Mr.  Clark's  work : — 
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15 
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16 
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17 
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18 
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19 
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20 
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21 
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22 
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28 
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24 
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1186-5 
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25 
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26 
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27 
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28 
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29 

^09 
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15 
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81 
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85 
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1193-5 
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87 
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89 
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41 
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42 
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48 
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271-6 
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44 
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45 
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46 

695 
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47 
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48 
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49 
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50 

•  652 
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•1129 

51 
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53 
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64 
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285-9 
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•1212  • 

55 

606 
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56 
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67 
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58 
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59 
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60 
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61 
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•1356 

62 
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63 
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64 
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65 
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•    298-0 

1204-8 
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66 
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67 
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68 
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69 
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70 
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1206-3 
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71 
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891 
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1207-8 
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872 
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826 
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- 
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324-8 

1213-0 
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831-9 
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1      -2258 
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1 
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•2922 

144 

210 

8560 

1222-2 

,  '2969 

.  146 

208 

8561 

1222-5 

•2996 

148 

205 

857-2 

1222-9  • 

•3033 

150 

203 

858-8 

1223-2 

•8070 

160 

191   • 

863-4 

1224-8 

•8266 

170 

181 

368-2 

1226-1  • 

•8443 

180 

172 

872-9 

1227-7 

•8623 

190 

164 

877-5 

1229-1 

•8800 

200 

157 

881-7 

1280-8 

•8970 

NoTX.  The  above  table  of  corresponding  preflsores,  temperatares,  and 
yolomes  of  satarated  steam  is  by  the  kind  permission  of  Mr.  Clark  copied  firom 
his  yalnable  work.  The  pressures  and  temperatures  are  the  direct  results  of 
HI.  Begnaalt'8  experiments.  The  relative  Yolomes  are  obtained  by  meana  of 
the  formula 

V  =  37-3 • 

P. 

The  fourth  column  is  the  result  of  direct  experiment  by  Regnault.  And  the 
fifth  column  is  calculated  by  dividing  62*321  lb.,  the  weight  of  a  cubic  foot  of 
water  at  62^  by  the  relative  volume. 
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• 


With  these  cursory  remarks  I  dismiss  Mr.  Armstrong's  present 
work.  Its  main  suggestions,  namelj,  the  necessity  of  ijie  adoption 
of  cylindrical  boilers  in  all  cases  in  which  economy  of  fuel  is 
important,  the  practicability  of  burning  smoke  by  simple  arrange- 
ments without,  however,  the  accomplishment  qf  n&uch,  if  any 
direct  saving  of  fuel,  the  advantage  of  fire-feeding  mechanisms  in 
steam-vessels,  and  the  doctrine  of  the  accidental  deficiency  of  water 
in  boilers  being  the  main  cause  of  explosions,  are  all,  in  my 
judgment,  sound  doctrines,  and,  if  so,  public  benefit  cannot  fidl  to 
arise  from  their  wide  acceptation. 

J.B. 

ON  BOILSBS  GENSBALLT. 

The  main  design  of  this  short  essay  is  to  impart  in  few  words, 
that  information  respecting  boilers  and  furnaces,  which  persons 
employing  steam-engines  desire  to  possess,  but  which  they  have 
not  much  time  to  acquire.  While  yielding  our  approbation  to  all 
investigatibns  touching  the  science  of  steam  which  seem  likely 
to  illustrate  its  nature,  we  are  at  the  same  time  conscious  that  the 
bulk  of  mankind  immersed  in  active  business  have  but  little  time 
'  for  such  speculations ;  and  it  is  our  design  rather  to  state  results, 
and  enunciate  general  laws,  such  as  are  found  to  govern  successful 
practice,  than  to  embark  upon  the  wide  sea  of  theoretical  disquisi- 
tion, or  to  announce  any  mere  theoretical  conclusions.  Still  less 
is  it  our  intention  to  parade  the  elementary  truths  of  chemistry  as 
bai&  for  the  admiration.of  the  ignorant— expanded  into  all  the 
fomas  proper  to  laborious  dulness  and  varied  in  every  phrase  of 
emphatic  iteration.  I7uU  task  has  already  been  performed  by  'iir. 
Charles  Wye  Williams  in  his  work  on  the  "  Combustion  of  Coal 
and  the  Prevention  of  Smoke,"  and  the  merits  in  which  that  work 
is  deficient  have  been  compensated  by  its  artificial  notoriety.  We 
should  be  sorry  to  deprive  Mr.  Williams  of  any  portion  of  the 
r^utation  which  has  cost  him  so  much  and  the  qmdity  of  which 
seems  to  satisfy  his  ambition,  and  there  is  ceftainly  no  danger  that 
in  the  present  work  we  shall  run  into  any  similar  extravagance, 
having  so  painftd  an  example  before  us  of  this  species  of  folly. 
To  theory  we  take  no  exception,  theory  being  indeed  only  the 
connection  of  individual  &cts  into  such  a  chain  as  to  constitute  a 
natural  law. 
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HAT-STACK  BOILBB. 

« 

Tbifl  boiler  is  termed  the  hay^stack  boiler  from  its  sbape.  In 
«ome  districts  it  is  called  the  balloon  boiler,  and  the  kettle  boiler.  It 
is  a  good  kind  of  boiler  up  tp  10  or  12-hor8e  power,  and  10  or 
12  lbs.  pressure,  where  boilers  are  required  to  stand  singly.  It  is 
0t3X>ag  enough  within  those  limits,  and  has  the  greatest  capacity 
for  the  least  quantity  of  material  employed^  Independent  of  its 
economy,  which,  with  inferior  fuel,  need  not  be  less  than  that  of 
any  other  kind,  it  has,  perhaps,  the  greatest  evaporating  power  for 
its  dimensions,  and  if  set  up,  as  it  usually  is,  with  a  single  wheel 
draft,  it  requi^  only  a  small  chimney.  The  shape  of  the  bottom 
of  this  boiler  is  generally  not  so  well  adapted  as  some  other  kinds 
of  boilers  for  applying  the  usual  arrangements  for  consuming 
smoke,  but  if  made  of  copper,  as  such  boilers  are  in  some  of  the 
London  breweries,  they  admit  of  coke  being  used  to  very  great 
advantage. 

In  Staffordshire,  and  some  other  mining-districts,  the  hay-stack 
boUer  has  been  frequently  made  much  too  large ;  and  where  this 
defect  has  been  sought  to  be  corrected,  by  carrying  the  flue  spirally 
twice  round  the  boiler,  the  result  has  usually  been  unsuccessful, 
if  not  dangerous. 

THE  WA60X  BOILBR. 

This  boiler  is,  in  principle,  the  hay-stack  boiler  just  described, 
only  put  into  an  oblong  instead  of  a  circular  form  on  the  ground 
plan.  It  therefore  permits  of  facilities  in  arranging  a  number  of 
boilers  side  by  side  without  wasting  space.  It  is  (Ustinguished  in 
puning-districts  as  the  oblong  boiler.  In  other  places  it  is  some- 
times called  the  caravan  boiler,  and  by  Mr.  Wicksteed,  the  wagon- 
heod  boiler.  It  possesses  some  advantage  over  the  hay-stack  boiler 
in  its  being  better  adapted  for  the  use  of  rich  bituminous  or 
flaming  fuel,  and  Newcastle  coal  generally.  It  admits  of  bein^ 
m^e  of  such  a  length,  that  the  flame  from  the  well-managed  fire 
will  be  generally  expended  before  reaching  the  end ;  and  it  can  be 
easily  varied  in  its  proportions  to  suit  the  many  varieties  of  flaming 
fuel, — wood  as  well  as  coal.    As  flaming  coal  is  also  smolcy  coal, 
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the  wagon  t)oiler  from  its  reotangnlar  plan  is  auitable  for  die 
application  of  sach  ooal^  beeause  it  admits  of  the  ordixuuj  reotsn- 
gttlax  fire-grat^  with  oonvenient  space  beyond  for  any  arrangement 
of  the  furnace  chamber  and  bridges,  so  as  to  meet  ahnost  any 
requirement  for  smoke-consoming  purposes. 

The  wagon  boUer  is,  except  in  the  direction  of  its  length,  nearly 
as  strong  as  the  hay -stack  boiler,  up  to  fire  feet  diameter,  and  if 
provided  wifh  one,  two,  or  three  longitudinal  stays,  and  four  such 
stays  of  one  and  a  half  inch  square  from  end  to  end  if  above  that 
diameter,  together  with  cross-stays  at  every  two  feet  in  the  length, 
it  may  be  safely  worked  up  to  ten  pounds  on  the  square  inch. 
For  this  pressure  it  is  usually  made  of  plates  to  average  three- 
eighths  of  an  inch  thick  all  roimd,  the  top  being  iiever  less  than 
one-quarter,  and  the  ends  ought  to  be  seven-sixteenths  of  an  inch. 
TTp  to  20  or  25  horse-power,  boflers  which  are  as  many  feet  in 
length  by  five  to  five  and  a  half  feet  wide,  or  equivalent  propor- 
tions, made  in  this  way,  wiU  weigh  seventeen  or  eighteen  pounds 
per  square  foot  of  total  surface,  inclusive  of  rivets,  overlap  of 
plates,  stays,  &c.  Seventeen  or  eighteen  square  feet  of  such  surfiice 
may  be  reckoned  as  equivalent  to  a  horse-power;  from  these  data, 
the  weight  and  cost  (at  present  twenty -five  to  thirty  shillings  per 
hxmdred  weight)  is  soon  obtained. 

Within  the  above  limits,  no  boiler  ever  made  can  exceed  this 
one  in  efl&ciency,  economy,  and  durability,  if  well-proportioned  to 
the  engine  it  works,  and  to  the  fiiel  supplied  to  it.  If  required 
of  greater  power  than  20  or  25  horse,  boilers  of  this  kind  are 
made  deeper  in  proportion  to  their  length,  and  an  internal  ^t«0  tube 
ia  introduced,  and  such  boilers  are  then  called  the 

B0nLTON-ANI>-WATT  BOILKB. 

This  boiler,  when  of  SO  or  40  horse-power,  is  more  economical  m 
fiiel  than  the  plain  wagon  form ;  but  is  Veaker  for  the  same  thick- 
ness of  iron,  and  ought  not  to  be  worked  at  more  than  eight  pounds 
per  square  inch.  Its  power  is  calculated  in  the  same  way  as  that 
of  the  wagon  boiler,  excepting  only  that  the  breadth  or  diameter 
of  the  internal  tube  is  to  be  considered  as  so  much  added  to  the 
width  of  the  boiler  itself.  Thus,  if  a  wagon  boiler  of  twenty  feet 
^^&  hy  five  feet  wide,  be  equal  to  20  horse-power,  being  at  the 
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usual  rate  of  five  square  feet  of  water  surface  or  horizontal 
ground  plan  per  horse-power, — ^then  a  Boulton-and-Watt  boiler 
of  the  same  horizontal  dimensions  extemallj,  but  having  its  inside 
flue  tube  of  two  feet  diameter,  will  be  two-Jifiha  more  powerfiil,  or 
28  instead  of  20  hor&e-power ;  it  must  be  supplied,  of  course,  with 
a  proportionate  increase  of  fire-grate,  and  is  thus  computed : — 

Length    20  ft.  x  (5  +  2  =)  7  ft.  wide  _•  140  _ 
Divided  by  5  feet  per  H.  P.        ~    5   ~ 

horse-power* 

"With  these  dimensions,  however,  it  would  have  to  be  of  very- 
considerable  depth,  in  order  to  have  the  required  capacity  for 
holding  a  sufficient  quantity  of  water  and  steam  for  that  power. 
It  is  therefore  found  preferable  to  make  such  boilers  from  six  to 
eight  feet  wide,  by  eight  or  nine  feet  deep,  and  they  should  never 
be  more  than  twenty-eight  or  thirty  feet  long.  If  a  boiler  of  this 
kind  is  not  required  to  be  above  40  horse-power,  there  is  no  neces- 
sity, unless  very  bituminous  coal  is  used,  for  its  being  much  more 
than  twenty  feet  in  length.  With  that  length  it  may  be  made  6  ft. 
6"  wide,  by  8  ft.  or  8  ft.  6"  deep,  and  contain  a  circular  flue-tube  of 
three  and  a  half  feet  in  diameter.  The  computation  in  the  same 
manner  as  above,  will  then  stand  as  follows : — 

20  ft.  X  (6  ft.  6^^  +  8  ft.  Q"  =)  10  ft.      200  _  .  ^  tt  t> 

5  —     g    —  40  11.  l'. 

As  in  my  former  works  upon  steam-boilers,  I  gave  some  exam* 
pies  of  the  arithmetical  calculations  connected  with  this  subject,  at 
Ml  length,  for  the  special  benefit  of  engine-men!  and  stokers,  and 
having  since  ascertained  the  utility  of  such  numerical  examples  foi 
the  purpose  intended,  I  shall  givea  simUar  example  here:— 

Width  or  diam.  of  boiler,  6*5  feet. 

Ditto  of  inside  flue-tube,  8*5 


• 

Multiply  by  the  length 

10-0. 
20 

Divide  by 

.    5 

200 

■  40  horse-power. 

The  slide-rule  formula  for  all  such  cases  is, 
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A  I  Oange-point  5   |  or  5*7  |  diam.  of  boiler  and  flue  10 
0  I  Horse-power  40  |    36     |  Length  of  ditto        '     20 

If  the  second  divisor  or  gauge-point  5*7  be  used,  which  gives 
kbout  a  square  yard,  or  nine  square  feet  of  effective  heating  sur- 
face per  horse-power,  the  result  is  seen  to  be  only  85  horse-power. 
But,  by  placing  40,  the  power  required,  opposite  to  5*7  in  the 
place  of  85,  we  shall  find,  opposite  to  10,  the  proper  length  to 
make  the  boiler  40  horse-power  at  that  rate,  namely,  22*8  feet,  as 

1[)6loW 

A  I  5-7  I  diameter  10  |  or  11^ 
0  I  40  I  length  22-8  |       20 

or,  retaining  the  same  length  twenty  feet  as  before,  opposite  to  it 
is  seen  eleven  and  a  half,  as  above,  for  the  diameters  of  boiler  and 
flue  together,  which  may  be  conveniently  made  eight  feet,  and 
three  feet  six  inches  respectively. 

A  Boulton-and-Watt  boiler,  thus  proportioned,  is  much  more 
economical  of  fuel  than  a  wagon  boiler  of  the  same  size  or  power; 
but  it  requires  more  total  surface  of  iron-plate,  although  it  is 
measured  precisely  in  the  same  way,  that  is,  the  lower  half  of  all 
the  flues  is  left  out  in  the  measurement,  as  non-effective  in  gener- 
ating steam,  and  one-half  only  of  the  vertical  heating-sur&ce  is 
considered  as  effective  heatiag-surface. 

In  respect  to  strength,  this  boiler  is  weaker  than  the  unflued 
wagon  form,  in  proportion  as  its  depth  exceeds  its  diameter, — ^not- 
withstanding it  may  be  made  of  thicker  plates  in  proportion  to  its 
increased  size.  This  defect  is  partially  remedied  by  having  two 
tiers  of  cross-stays  1^^'  square,  placed  one  above  and  the  other 
below  the  inside  flue.  Besides  these  cross-stays,  it  is  usual  to  sup- 
port the  bottom  of  the  boiler  by  oblique  stays,  commonly  called 
**  upright"  stays,  attached  to  the  arch  of  the  boiler-bottom,  and  the 
other  end  secured  by  cotters  upon  and  near  the  ends  of  the  upper 
cross-stays.  All  these  stays,  of  which  there  are  four  for  each  plate 
in  the  length  of  the  boiler,  are  attached  *by  broad  wrought-iron 
straps  and'  cotters,  which  last  should  not  be  made  too  taper,  for 
when  so  they  are  liable  to  wriggle  loose  by  the  working  of  the 
l)oiler.  Besides  the  usual  number  of  longitudinal  stays  from  end 
to  end,  as  in  the  plain  wagon  boiler,  some  persons  put  in  ''angle 
stays,"  extending  from  n^r  the  centre  of  each  end  to  the  second 
or  third  plate  on  each  side.    Again,  we  occasionally  find  a  stay 
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carried  obliquely  downwards  from  the  flat  end  of  the  lx>iler  to  the 
top  of  the  flue-tube,  which  we  consider  injudicious,  and  rather 
Ending  to  do  harm  than  good  For  the  tube  itself  generally  is 
or  should  act  as  a  stay  from  end  to  end;  and  on  that  account 
should  not  be  drawn  out  of  its  direct  tensile  action  by  any  side- 
attachment,  liable  to  create  lateral  strain.  The  probable  reason 
why  stays  were  originally  placed  in  this  part  by  Boulton,  Watt 
and.  Co.  is,  that  they  did  not  latterly  carry  the  flue^ube  right 
through  from  end  to  end,  but  terminated  in  a  jUsJL  topped  "take*' 
up"  inside  the  boiler,  to  support  the  top  plate  of  which  this  oblique 
stay  assisted.  With  respect  to  similar  oblique  or  angular  stays 
iiarried  from  the  ends  to  the  arcksd  top  of  the  boiler,  we  cannot  say 
^uch  in  their  i^vor,  although  some  of  them  have  become  popular 
imder  the  name  of  "  gusset^  stays,  from  their  being  made  of  trl^ 
angular  plates  instead  of  square  bars,  which  would,  we  think,  be 
more  suitable,  if  needed  at  all.  However  apprc^riate  these  gusset 
^tays,  or  stay  plates,  instead  of  stay  bars,  may  be  in  plate-iron 
bridges  and  structures  of  that  kind,  where  stiffiiess  from  external 
pressure  and  from  twisting  is  the  rxmn  object  in  view,  any  peciiliar 
value  they  can  have  in  resisting  the  internal  strains  to  which 
steam-boilers  are  subject,  is  not  very  apparent,  especially  when 
we  consider  that  every  unnecessary  rivet,  not  to  say  seam  of  rivota^ 
fn  a  boiler  is  a  source  of  weakness,  not  strength. 

If  larger  boiler-plates  could  be  manufactured,  or  could  large 
plates  be  as  easily  ascertained  to  be  sound  as  small  ones,  then  the 
le3S  rivetting  the  better.  Since  the  new  system  <^  welding  in* 
stead  of  rivetting  the  edges  of  boiler-plates  together  has  been  so 
far  perfected  by  the  patent  process  of  Mr.  Bertram,  late  of  Wool- 
wich Dockyard,  as  to  prove  its  superior  strength  to  even  double*- 
rivetting,  it  is  not  now  too  much  to  look  forward  to  the  time  when 
not  only  a  boiler,  but  the  iron  hull  of  '*  the  noblest  machine  that 
ever  was  invented,"  a  ship,  instead  of  being,  as  it  may  now  be 
termed,  "stitchecC^  together  in  patches  by  "seams"  and  "gussets,* 
^1  be  forged  in  one  entire  piece.  At  all  events,  Mr.  Bertram  has 
demonstrated  the  practicability  of  welding  together  iron  plates 
in  a  cheap,  rapid,  and  efficient,  manner,  and  there  can  be  no 
doubt  that  his  discovery  must  in  time  find  many  valuable  appli* 
cations. 
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MABINB  BOILSBS. 


Ie  this  pountrj  marine  boilers  are  almost  all  low-pressnre  boil- 
ers but  the  pressure  hfi»  been  graduall j  creqnng  up  for  several 
years,  and  pressures  of  fix>m  20  to  80  lbs.  on  the  square  inch  are 
now  b J  no  means  unusual  At  the  same  time  no  corresponding 
improvements  have  been  naade  in  the  structure  of  the  boilers,  lb 
insure  an  equal  measure  of  safety  to  that  which  previously  ex* 
ifited.  1^0  doubt  modem  marine  boilers  are  made  of  good  iron, 
are  well  riveted,  and  are  very  much  stayed.  But  the  stays, 
«  specially  t^  the  region  of  the  steam-chest,  are  speedily  cc^roded 
by  the  action  of  the  steam.  The  plates  of  the  boiler  also  get  thin, 
80  that  unless  the  engineer  reduces  the  weights  on  jlie  safety- valve 
ti»  the  boiler  gets  worn,  explosioQ  will  be  apt  to  occur  frcHn  mere 
w^kness  of  the  boiler. 

For  tug-boats  and  oth^  commercial  purposes,  for  war,  and  for 
sea-going  vessels  generally,  we  do  not  see  how  very  high  pressure, 
whether  with  condensing  or  non-tcondensing  engines,  and  for  war 
ships,  eaUreme  high  pressxure  is  to  be  avoided.  The  economy  of 
the  combined  high  and  low-pressure  engine,  and  the  advantages 
nf  working  very  expansively,  in  various  ways  are  so  great,  and  so 
much  mote  important  afloat,  where  the  ^1  has  to  be  carried,  than 
iBshore,  that  it  has  l<mg  been  a  problem  whether  *it  would  not 
eventually  be  true  eeonomy  to  adopt  the  very  strongest  boilers 
which  dm  possibly  be  made  at  once, — say  to  be  able  to  work  at 
not  less  than  100,  and  up  to  200  lb.  on  the  square  inch,-^-and  we 
really  see  no  very  great  difficulfy  in  making  boilers  quite  as  safe 
fix»a  explosion  at  200  lb.  as  the  ordinary  marine  boilers  as  now 
made  are  at  20  lb,  pressure.  It  is  merely  -a  question  of  invest- 
ment of  capital,  not  in  large  ships,  but  in  strong  ships,  so  that  we 
are  inclined  to  side  with  those  who  would  adopt  such  a  system  as 
good  commercial  policy.  Because  if  the  boilers  are  capable  of 
working  safely  at  200  lbs.,  there  is  no  reason  why,  with  proper 
arrangements,  such  boilers,  with  suitable  engines,  should  be  less 
economical  than  ordinary  boilers  if  worked  at  ordinary  pressures. 
The  greater  cost  of  the  boiler  in  the  first  instance  wUl  not  only 
C^p&r  greats  strength,  but  greater  durability.  ^ 

The  present  construction  of  the  muUitviuhr  boiler,  as  it  if 
called,  may  be  truly  stated  as  a  disgrace  to  the  science  of  this  age 
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of  progress.  The  marine  boiler  yet  remains,  in  fiact,  no  more  than 
a  locomotive  boiler,  with  the  most  important  part  of  that  boiler, 
the  fire-box,  left  out.  It  is  not  that  we  would  put  a  fire-box,  or 
any  thing  like  it,  aboard  a  steam-ship,  tjiough  well  adapted  to  the 
rail.  That  is  only. suited  for  burning  coke,  which  is  too  bulky  a 
fiiel  for  marine  purposes.  Besides^  a  blast,  or  strong  draft,  by 
s6me  means,  seems  a  necessity  for  burning  coke  With  advantage.  * 

Very  much  more,  however,  is  either  the  blast  or  jet  required,  by 
reason  of  the  multitude  of  small  tubes  through  which  the  pro- 
ducts of  the  combustion  must  be  drawn.  This  creates  an  ad* 
ditional  dif&culty  with  the  present  marine  boiler,  and  it  ib  not  * 
likely  that  fix)m  twenty  to  thirty  per  cent,  of  its  power  can  be 
afiforded  for  blowing  the  fire,  as  is  the  case  with  some  locomotives. 

What,  then,  it  may  be  asked,  is  the  first  step  to  improve  the 
present  practice  ?  Aiid  my  answer  is  ready :  If  a  moderate  im- 
provement only  is  permitted,  without  greatly  disturbing  present 
arrangements  of  space  in  the  ship,  and  a  due  regard  to  venerated 
prejudices,  which  we  have  seen  created  during  a  single  generation, 
and  which  have  in  that  time  erected  the  crude  suggestion  of  Booth, 
successful  though  it  has  been  jnade  by  others,  almost  into  the  po- 
sition of  an  institution,  the  obvious  course  is  to  improve  the  fur- 
naces,  shorten  and  widen  'the  tiibes,  and,  when  draft  is  deficient, 
apply  the  ex/lavsting,/an  with  a  short  funnel.  Although  we  do 
not  insist  so  strongly  on  the  last  item,  it  may  be  observed,  in  pass- 
ing, that  it  would  make  "  smoke-burning''  tuiih  economy  in  steam- 
ships possible.    At  present  it  is  not.    {S^e  Chap,  xxv.) 

Should  a  radical  reform  of  the  marine  boiler  be  aimed  at, — 
and  we  have  never  ceased  strenuously  to  urge  its  necessity, — who- 
ever attempts  it  must  not  stick  at  trifles.  The  boilers,  in  tbe  first 
place,  ought  not  to  be  "crushed  down"  to  the  bottom  of  the  ship, 
where  the  draft  has  such  difficulty  to  descend  down  afijer  them. 
We  would,  in  fact,  abblish  the  stoke-Ao^^  if  not  do  away  with  the 
Btokers,  and  stoking  also.  Instead  of  placing  the  fires  so  low  down 
that,  in  a  leaky  ship,  they  are  soon  drowned  out,  we  would  have 
them  close  up  to  the  deck,' in  whatever  situation  the  engines  might 
be  fixed.  The  "  firing-stage"  should  really  be  a  platform  elevated 
to  the  light  of  day,  on  which  the  most  important  processes  in  the 
economy  and  progress  of  a  steam- vessel  is  carried  on,  and  to  which 
the  coals  may  be  elevated,  and,  if  required;  placed  in  the  furnaces 
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also,  by  means  of  very  simple  self-acting  mechanical  appliances. 
In  giving  a  reluctant  assent  to  the  proposition,  let  it  not  be  forgot- 
ten bj  the  reader  that  this  change  of  position  in  the  boilers  wonld 
really  increase  the  available  room  fgr  cargo,  inasmuch  as  none 
woold^  be  wasted  in  passages  up  and  down  for  the  hands,  and  for 
^  ventilation, — ^to  say  nothing  of  ^  the  greater  safety  of  the  ship  from 
Jijre;  and  though  last^  not  leasts  when  we  think  of  the  possible  fate 
of  the  "President"  or  the  "Pacific,"  from  eocphsion. 

In  the  case  of  vessels  of  war  where  the  boilers,  in  this  elevated 
position,  might  be  obnoxious  to  the  effects  of  shot,  &c.,  the  boilers 
9  may  be  retained  in  the  usual  position,  and  in  such  cases  the  room 
occupied  by  the  stoking-space  is  not  so  objectionable.  Wrought* 
iron  boilers  of  aunple  forms,  containing  a  steam-pressure  of  200 
lbs.  per  square  inch,  will  be  the  most  suitable  in  such  cases. 

The  communicJtion  of  the  boilers  with  each  other  and  with  the 
cylinders  may  be  easily  arranged  below  the  water-level  in  the 
manner  of  the  locomotive. 

The  kind  of  boilers  we  propose  for  marine  purposes  are  not  new 
schemes,  but  the  inventions  of  practical  men,  matured  by  the  ex- 
perience afforded  by  extensive  use.  The  principle  is  that  of 
WooLF  where  the  pressure  is  exerted  only  within  cylinders  of  com- 
paratively small  diameter,  say  up  to  two  and  a  half  or  even  three  feet. 
The  species  of  boiler  made  by  Hall  of  Dartford,  and  others,  known  in 
London  as  the  elephant  boiler,  may  be  arranged  to  work  at  a  pres- 
sure of  150  to  200  lbs.,  and  for  low-pressure  (say  80  to  100  lbs.) 
when  used  in  wooden  vessels  where  internal  furnaces  are  insisted 
on,  we  would  recommend  the  modification  patented  by  (Jalloway. 
of  Manchester.  The  elephant  boiler  has  been  much  used  by  the 
French,  though  but  partially,  perhaps,  for  steam-navigation.  Gal- 
loway's boiler  has  been  used  in  this  capacity,  I  believe,  to  some 
extent ;  my  own  immediate  experience  with  both  has  been  prin- 
cipally confined  to  land.  The  latter  boiler  was  first  introduced 
into  practice  in  London,  and  erected  for  public  inspection  and  trial 

at  the  Greatj  Exhibition  in  1851.    This'boiler  I  shall  now  describe. 

« 

THB  GALLOWAY  CONICAL-TUBE  BOILES. 

I  use  the  term  "  conical,"  rather  than  "patent^"  in  the  designation 
of  this  boiler,  because  the  patentees  have  other  patent  boilers  also. 


v 
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with  vertical  tubes,  which  tubes  are  not  all  conical,  being  partly 
"fire-tubes,"  or,  strictly  speaking,  small  tubular  flues,  on  the  pritt- 
oiple  of  the  locomotive ;  and  aJso  to  distinguish  it  in  its  mostf 
prominent  feature,  in  relation  to  strength  and  durability,  from  the^ 
boilers  of  the  American  steamers  "  Pacific"  and  "  Baltic,"  Collins*^ 
Une«  The  great  and  most  important  point  of  difference  between  the 
American  and  English  boiler  is,  that  in  the  former,  the  latge  intenuil 
fire-flue,  or  flame-chamber  is  occupied  by  a  great  number  of  par- 
aikl  tubes,  about  two  inches  diameter,  and  five  feet  long,  placed  verti- 
cally, and  connecting  the  upper  and  lower  portions  of  the  water- 
ohambei*.  Through  these  tubes  the  water,  of  course,  cii^ulat6fi^ 
very  rapidly,  and  there  can  be  no  doubt  this  arrangement  formd  si 
mo^  effectual  means  of  warming  a  large  quantity  of  water  in  4^ 
short  tim«,  and  with,  great  economy.  Whereas  in  the  Qallowfty 
boiler,  th€i  space  behind  the  furnace  is  occupied  iTy  a  smaller  num- 
ber of  taper,  or  conical  tubes  of  five  or  six  inches  in  diameter  at  the 
lower,  and  nearly  double  that  du^meter  at  their  upper  ends ;  coty^ 
qnently  requiring  more  space  in  length  of  boiler,  though  less  in 
depth,  than  ike  American  plan,  for  the  same  quantity  ot  heafing- 
surfaoe* 

In  a  pamphlet  written  by  Claptain  ^tsstty,  B.Sr.,  published  in 
1861,  ^ititled,  '^  Remarks  on  some  of  the  <$auses  that  retard  the 
progress  of  our  STKA.it-NAW,"  jeveral  good  ob^rvations  are  made 
in  illustration  of  the  necessity  of  using  much  higher  steam  than^ 
previously,  in  ships  of  war,  and  the  difficulty  in  attaining  l^at 
object  with  the  ordinary  construction  of  niarine  boiler,  as  well  as 
on  the  Ul-itdaptation  of  that  boilei"  with  small  tubes  to  the  propei* 
oombustion  of  bitundnoufiT  coal  or  other  flaming  fuel.  In  diacug- 
sing  thin  subject^  page  58,  Captain  Baxrisay  remarks : — 

"  The  strongest  form  of  boiler  which  we  are  acquainted  with  i^ 
one  invented  by  Messrs.  J.  and  W.  Galloway,  of  Manchester,  and 
which,  we  believe,  might,  with  Modifications,  be  adapted  to  marine 
purposes.  The  peculiar  principle  of  this  boiler  is  the  series  of 
short  vertical  tubes  which  act  as  stays.  The  only  objection  to 
which  these  boilers  are  liable,  as  marine  boilers,  would  be,  that 
using  tmfer- tubes,  there  is  a  liability  ta  prime ;  but  we  would 
meet  that  objection  by  making  the  upper  part  of  the  tubes  very 
large  in  proportion  to  the  lower  parts." 

Now,  this  last  suggestion  is  a  very  important  one,  and  had  been 


OK  boi:j3s  gbxbrallt*  239 

previously  made  by  the  present  writer,  not  with  a  view  to  prevent 

priming,  soldyi  but  also  for  insuring  a  more  effective  action  of  the 

flame  against  the  sides  of  the  tubes,  as  well  as  to  prevent  their 

being  injured  by  overheating  and  burning  out  at  their  upper  enda. 

In  &Gty  I  professionally  advised  the  inventors,  on  being  consulted 

^    by  them,  previously  to  taking  out  their  patent  for  this  water-tube 

1)oiler,  in  1850,  to  adopt  that  course.    This  advice  they  followed, 

and  have  continued  to  pursue,  with  very  great  success  ever  sinc^. 

Messrs.  Galloway  having  supplied  several  fifty  horse  boilers,  for 

the  Gutta  Percha  Company's  Works,  City  Boad,  and  to  several 

•other  factories  in  London,  during  that  and  the  following  year. 

One  of  those  boilers,  erected  under  my  superintendence  at  the 

City  Soad  Works,  is  described  and  figured  in  my  "  Budimentary 

IWtise  on  Steam-Boilers.'^    In  that  work  it  was  stated  that  thi^ 

boiler  was  capable  of  evaporating  a  cubic  foot  of  water  per 

^ii^xite,  with  only  about  six  lbs.  of  bituminous  coal  per  hour,  not 

^  the  best  quality,  while  driving  a  thirty-horse  non-condensing 

^'^e  indicating  fifty  horse  power,  besides  supplying  steam  foi^ 

^GT,  purposes.     This  greaty  if  not  unprecedented,  degree  of 

^nomy  has  been  doubted  by  some  persons  who  have  in  vain 

*Pied  to  evaporate  a  cubic  Ibot  of  witer  by  less  than  eight  or  nine 

^*  ^^iider  the  same  circumstances :  that  is,  while  driving  an  engine 

^  yt€iz  toork,  which  is  a  very  diflferent  thing  to  the  kind  of  evapix 

^K-experiments  some  time  ago  carried  on  by  order  of  Govem- 

^^  and  published  in  sundry  Beports  to  Parliament  on  coals 

^t^^j  to  the  steam-navy.    These  Beports  are  merely  an  account 

^^  results  of  certain  laboratory  experiments^  and,  however 

^^^^"ble  as  scientific  fiw^ts  such  investigations  may  be,  it  must  be 

-t*  ^    tliat  the  labors  of  the  eminent  men  engaged  have  been  of 

^^  xxoQ  in  improving  or  Ulustrating  the  actual  practice  of  engi- 

la  *^*     The  highest  result  obtained  in  these  experiments  waa 

>wJ^X   lbs.  of  water  evapo'rted  firom  212®  for  each  lb.  of  the  best 

/:  ^lah  coaL    (Ebbw  Vade.)    This  result  was  obtained  with  a  Oor- 

!r^^    boiler.    With  a  Galloway  boiler,  however,  when  new,  with 

^^^^er  tubes^  that  is,  one-fourth  inch  instead  of  five-sixteenths^ 

.  ^    welded  up  the  side  instead  of  being  riveted,  I  have,  occa- 

^^^^ly,  obtained  a  larger  performance  than  that  given  in  the  state^ 

^*^t  referred  to.    The  result  of  the  experiment  in  question  was. 
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that  eleven  and  one-tenth  pounds  of  water  was  evaporated  by  each 
pound  of  coal  consumed  of  an  inferior  kind  called  East  Adair^a  'main. 
The  pressure  of  the  steam  was  carefully  kept  up  during  the  experi- 
ment, (nearly  two  hours,)  at  exactly  40  lbs.  per  square  inch,  the 
engine  doing  its  ordinary  work,  except  that  the  feed-pump  was 
stopped  o%  and,  consequently,  no  feed- water  was  going  into  the 
boiler,  which  enabled  me  to  measure  very  accurately  the  fall  of 
the  water-level  in  the  glass  water-gauge ;.  and,  knowing  the  exact 
internal  dimensions  of  the  boiler,  the  quantity  of  water  boiled 
away  was  thus  clearly  ascertained  with  sufGlcient  exactness  for  a 
short  experiment :  at  any  rate,  the  result  was  as  near  the  truth  as  ^ 
,  the  quantity  of  coal  used  could  be  measured,  considering  that  the 
quantity  of  fuel  on  the  bars  had  to  be  estimated,  to  be  equal  at  the 
beginning  and  the  end  of  the  experiment    At  that  time  (1860)  no 
such  thing  as  an  absolutely  correct  water-meter,  at  a  moderate 
expense,  for  boilers,  was  in  existence ;  that  desideratum,  however, 
now  appears  to  be  attained  by  the  invention  of  Mr.  Kennedy,  of 
Eolmamock.     So  important  an  appendage  to  steam-boilers  as  a 
correct  boiler-meter,  constantly  registering  the  quantity  of  water 
boiled  away,  has  been  long  looked  for  and  longed  for  by  every 
•honest  engineer.    Besides  being  a  continual  check  against  that 
neglect  of  the  feed- water  which  too  frequently  results  in  explo- 
sions^ it  win  also  be  a  serviceable  check  on  the  extravagant  expec-. 
tations  often  raised  upon  the  statements  of  interested  patentees  of 
their  schemes  i>r  saving  fuel.    I  do  not  risk  much  in  predicting 
that  when  these  meters  become  more  generally  known  and  used, 
they  will  produce  a  revolution  in  the  engine  and  boiler  trade,  quite 
as  gf eat  as  was  produced  by  the  first  general  introduction  and  im- 
provement of  Watt's  indicator,  by  the  late  Mr.  John  M'Naught,  of 
Glasgow ;  an  era  which  makes  us  now  look  back  to  those  times  of 
hemp-packed  pistons,  "never  tight,"  and  air-pump  buckets,  "never 
meant  to  draw,"  as  to  a  long-bygone  age,  though  but  few  years 
have  elapsed  since  that  barbarous  time.    And  now,  by  the  help  of 
the  boHer-meter,  we  hope  soon  to  dispel  the  present  uncertainties  of 
some  hundreds  of  smoke  patentees  as  to  whether  their  plans  save 
seven  per  cent,  of  fuel,  or  seventy,  although,  for  aught  they  know, 
ihey  are  just  as  likely  to  do  one  as  the  other ;  but  I  have  a  strong 
suspicion  that  the  best  of  them, — and  I  am  far  from  denying  that 
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there  ate  many  good  ones, — ^will  be  found  to  come  nearer  itoo  per 
cent  than  twenty.* 

BeVerting  to  our  evaporating  experiment  at  the  Giitta  Pereha 
Works ;  the  pressure  being  forty  pounds,  the  temperature  of  the 
steam,  and,  of  course,  the  water  also,  was  at  about  288®  Fahr.  In 
order  to  compare  with  the  ordinary  practice,  the  evaporation  of 
11*1  to  1  must  be  reduced  to  what  it  would  be  were  i\e  boiler 
supplied  at  the  ordinary  standard  temperature  of  100®,  which,  by 
the  Admiralty  rule  for  that  purpose,  assxmiing  the  latent  heat  of 
water  at  1000?  is  as  follows : — 

(1212®  —  actual  temp.  288®)  x  IM  _^  9  2  lbs 
^  (1212  —  standard  temp.  100)  =  1112  ™ 

water  to  one  of  coal. 

It  is  proper  to  state  that  the  rate  of  combustion  did  not  much 
exceed  ten  pounds  of  coal  per  square  foot  of  grate-bar  per  hour, 
and  that  the  experiments  were  repeated  in  the  presence  of  several 
competent  witnesses,  occasionally  reaching  a  corrected  evaporation 
of  ten  and  a  quarter  pounds  of  water  to  one  pound  of  coal ;  or, 
in  other  words,  a  Galloway  boiler  made  a  common  variety  of 
bituminous  Newcastle  coal,  in  ordinary  practice,  go  as  &r  as  the 
best  Welch  in  a  pet  experiment  with  the  far-famed  Cornish  boiler. 

In  order  to  arrive  at  the  best  proportions  to  be  observed  in  a 
boiler  of  this  kind,  we  have  ample  experience  to  rely  upon.  -Be- 
sides the  experience  afforded  by  the  great  number  |nade  by  Messrs. 
Galloway,  both  for  land  and  steamboat  purposes  during  the  last 
three  or  four  years, — ^there  is  a  sufficient  number  of  them  in  the 

*  Except,  perhaps,  20  per  cent,  bdow  par,  negcUive  *'  saving."  Bat  we  tmat 
this  subject  will  yet  receive,  as  it  deserves,  more  serious  treatment.  At  a 
meeting  of  smoke  patentees,  called  by  tbe  authorities  of  Leeds,  some  years 
ago,  one,  the  most  notorious  of  them,  whom  we  will  call  No.  1,  promised  50 
per  cent  saving  in  fuel;  No.  2,  equally  well  known,  promised  60 1  while  others 
promised  70  and  80 1 1  not  being  particular  to  a  few  per  cents.,  whom  we  may 
call,  collectively,  No.  3.  The  results  are, — No.  1  sent  a  new  steam^ship  to  sea 
with  this  plan,  which  ship  very  narrowly  escaped  the  fate  of  "  the  President," 
being,  only  through  the  greatest  care  and  discretion  of  her  commander, 
brought  back  to  Cork,  to  repair  her  boilers,  after  being  nine  daye  out  an  her 
way  to  America,  No.  2  had  his  plan  in  operation  not  far  from  the  Manchester 
Bzchange,  whicb  ended  in  a  well-known  terrible  explosion,  killing  nine  or  tea 
people.  While  No.  3,  an  80  per  cent,  man,  has  more  recently  had  one  of  the 
most  destructive  explosions  on  record  in  Yorkshire. 
16 
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xnetropolis  for  the  purpose  of  ilhistratioii.    Tha  dimenaioBs  oi  the 
boiler  at  the  Gutta  Percha  Works,  above  referred  to,  Yihffre  the.  • 
evaporation  experiments  were  made^  are  as  follows : 

Length  of  boiler  thirty  feet  three  inches.    Diam^r  of  ditto 
inside,  seven  feet.    Greatest  diameter  q£  main  flue,  four  feet  six 
inches  inside!,  by  three  feet  deep,  containing  thirteen  oonical  watef - 
tubes^  each  eleven  inches  inside  diameter  at  top,  and  nine  inches  at 
bottom,  which  tubes  act  as  prop-stays  between  the  fiat  top  and 
bottom  of  this  main  flue.    The  entrance  to  this  main  flue  is  by 
two  pairallel  and  similar  furnace  tubes^  each  eight  feet  long,  and 
somewhat  oval  in  secti(»i,  bcdng  two  feet  six  inches  wide,  by  two 
>  feet  nine  inches  deep.    But  they  are  stronger  than  if  they  were 
circular,  on  account  of  containing  three  strong  cast-iron  bearing- 
bars  for  supporting  the  grate,  which  act  as  prop-stays  from  side  to 
side.    The  fire-grates  are  each  seven  feet  four  inches  long,  by  two 
feet  six  inches  wide,  containing  about  three-quarters  of  a  square  foot 
of  fire-bar  area  per  horse-power  for  the  SO-horse  boiler.    Each  of 
the  furnaces  contained  two  lengths  of  fire-bars,  the  front  bars  being 
()ne  inch  and  those  at  the  back  one  and  a  quarter  thick,  with  three- 
eighths  of  an  inch  spaces  between  them  in  both  cases.  *  This  pitch 
•of  the  bars  was  adopted  without  my  concurrence,  otherwise  I 
should  have  preferred  the  front  bars,  one  and  a  half  inches  thick, 
with  the  same  spaces,  and  the  back  bars  with  one  and  a  qtiarter* 
or  five-sixteenth  spaces,  instead  of  three-eighths,  in  order  to  al^in 
a  more  perfect  combustion  of  the  smoke, — ^that  being  the  object  for 
which  Messrs.  Galloway  originally  adopted  the  double  fdmace 
plan.    These  grates  have  since  been  replaced  by  Miller's  (now 
expired)  patent  movable  bars  as  improved  by  Mr.  Annan  fox  Mr. 
Chanter,  the  proprietor  of  that  patent,  thafr  isi  by  making  every 
alternate  bar,  only,  movable  by  hand,  instead  of  the  whole  set, 
when  each  adjoining  bar  moved  alternately  in  opposite  directions, 
according  to  the  mode  originally  patented  by  Mr.  Miller.     These 
movable  bars,  in  some  measure;,  ailswer  the  same  end  as  the  thin 
bars;  that  is^  of  increasing  the  rate  of  combustion  and,  of  course, 
increasing  the  evaporating  power  of  the  boiler,  at  the  expense^ 
perhaps,  of  ^  little  smoke,  which,  however,  may  consist  with  the  * 
most  perfecdy  attainable  economical  combustion  of  the  fuel. 

'^ Perfect  combustion, '^  and  the  action  of  a  "perfectly  smokeless 
furnace,"  are  very  far  from  being  synonymousi  or  even  similar 
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phenomena,  and  produce  very  fliflFerent,  and,  sometimes,  Tridely- 
opposite  results,  both  chemical  and  physical,  not  always  likely  to 
be  recognized  by  every  noisy  patentee  or  pretender  who  takes  his 
chemistry  like  his  physic,  fix>m  the  pharyiacopceia.  In  some  con 
Q)icuous  instances,  at  least,  the  philosophical  jargon  employed 
Wly  enoxmibers  the  path  of  science  and  progress,  and,  finally, 
becomes  a  much  greater  nuisance  than  the  smoke  which  these 
mock-philosophers  pretend  to  subdue. 

So  far  from  perfect  combustion,  and  perfect  sm6kelessness,  in  a 
steam-engine  furnace  being  identical,  they  are,  very  commonly,  the 
antithesis  of  each  other ;  perfect  combustion  being  the  most  com- 
pletely effected  when  the  whole  of  the  oxygen  passing  through  the 
grate  is  the  most  nearly  or  perfectly  used  up  in  combining  with 
^the  hydrogen  and  carbon  of  the  fuel,  although  it  may  beocca* 
fiionally  accompanied  by  the  imippreciably  small  loss  of  a  few 
uncombined  atoms  of  the  latter  substance  in  the  form  of  smoke  or 
*^  which  in  fact  it  is,  in  a  finely-divided  and  impalpable  state, 
merely  giving  a  black  eohr  to  the  nitrogen  and  other  useless  incom- 
bustible gaseous  products  of  the  fiimace.  These  products  mibsi 
pass  oS,  visible  or  invisible,  at  whatever  cost,  although  we  ques- 
tion, were  it  possible  to  collect  all  the  fuel  in  a  large  volume  cf 
visible  smoke  many«  hundreds  of  miles  in  extent,  whether  it  would 
amount  to  a  single  ton  of  coals.  A  smokeless  furnace,  however, 
on  the  other  hand,  when  the  result  of  a  thick  fire,  thick  ban^  and 
slow  combustion,  may,  and  frequently  does,  occasion  a  loss  of  a 
large  part  of  the  carbon  of  the  coal,  which  passes  off  by  the  chim- 
ney, only  half-burned,  in  the  shape  of  perfectly  invisible  carbonic- 
oxide-gas,  thus  creating  a  dead  loss  of  25  per.  cent  in  coaL  This 
evil,  however,  admits  of  prevention  in  these  double  furnaces,  and 
by  other  simple  means. 

As  to  the  strength  of  this  boiler,  the  furnace-plates  are  of  LowMoor 
iron,  three-eighths  of  an  inch  thick,  the  flue  and  shell  of  the  same 
thickness  of  the  best  Staffordshire,  and  the  flat  ends  one-half  inch. 
The  ordinary  working  pressure  of  the  steam  being  about  thirty-five 
pounds  per  square  inch,  gives  a  strain  of  about  4000  pounds  on 
each  square  inch  sectional  area  of  the  iron  in  the  circular  part  of 
the  shell,  leaving  a  surplus  of  about  1000  pounds  per  square  inch 
greater  strength  in  that  part  of  the  boiler,  which  is  equal  to 'with- 
stand a  higher  pressure  of  steam  by  25  per  cent.^  and  we  may  be 
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still  assured  that  the  boiler  is  notistrained  to  one-sixth  of  its  ulti- 
mate power  of  elasticity,  that  being  taken  at  about  20,000  pounds 
per  square  inch  of  sectional  area. 

One  object  of  adducing  this  case  of  a  Gb,lloway  boiler  at  such 
length/  is  to  show  the  propriety  of  using  a  much  higher  pressure 
of  steam  than  has  hitherto  been  usual  or  much  practised  in  ma-* 
rine  boilers,  as  well  as  the  safety  of  those  boilers  for  that  purpose ; 
and  it  is  proper  to  state  that  the  strength  of  the  plates  as  above 
given  is  now  found,  after  a  trial  of  five  years'  constant  work, 
amply  sufficient  for  every  purpose,  with  engines  requiring  steam 
from  forty  to  fifty  pounds  pressure.  This  boiler  has  been  during 
that  time  which  may  be  said  to  be  nearly  equal  to  ten  years, 
working  the  ordinary  d^y-work  in  a  regular  factory,  and  under  the 
variotls  vicissitudes  commonly  attendant  on  night  and  day  work-  , 
ing,  it  has  not  sustained  a  single  casualty,  and  not  even  a  leakage 
of  any  kind  that  could  be  discovered  after  the  most  careful  in- 
spection. My  own  personal  examination  was  particularly  and  . 
frequently  directed  to  the  upper  end  of  the  vertical  tubes  where 
the  flame  impinges  with  its  greatest  intensity,  immediately  after 
passing  over  the  furnace  bridge, — ^this  particular  part  having  been 
pronounced  by  all  practical  boiler-makers  as  being  the  most  vulnera- 
ble point  in  other  vertical-tube  boilers.  I,  in  consequence,  subjected 
it  from  time  to  time  to  the  most  scrupulous  examination.  The  re- 
sult, on  the  whole,  has  been  so  satisfactory  that  I  now  venture  to 
recommend  this  plan  of  boiler  as  pre-eminently  suited  to  marine 
purposes.  Should  any  doubt  remain,  on  the  mind  of  any  engineer 
as  to  the  power  of  the  "ellipticaV^  flue,  as  it  has  been  wrongly 
called,  to  resist  collapse  from  150  lb.  pressure,  that  doubt  can  only 
apply  to  the  segmental  or  semicircular  portion  of  its  sides, — the 
flat  top,  supported'  by  any  adequate  number  of  tubes,  being  im- 
possible of  collapse.  There  is  one  exception,  which  may  be  stated 
in  order  to  remove  such  doubt.  And  as  exceptions  sometimes 
prove  the  rule,  this  one  will  serve  to  corroborate  our  opinion, 
already  expressed,  as  to  the  much  greater  strength  of  this  form  of 
boiler  than  those  of  the  "  Pacific,"  "  Baltic,"  and  others  with  longer 
vertical  water  tubesf,  and  which  iherrfore  have  the  sides  of  their  main 
flues  of  greater  depth,  and  consequently  weaker.  The  exception 
is,  that  only  a  single  case  has  occurred  in  the  whole  range  of 
Messrs.  GaUoway's  extensive  practice  in  the  manufacture  oi  those 
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boilers  where  collapse  in  the  flue  took  place ;  and  on  that  occa- 
rion,  as  appeared  from  the  report  of  another  engineer,  was  clearly 
attributable  to  this  portion  of  the  flue  having  (from  some  unac- 
countable caprice)  been  made  nearly  flat,  or  at  least  with  .a  very 
great  radius  of  curvature.  The  proper  curve,  however,  for  ihip 
portion  of  the  flue,  it  is  very  clear,  should  be  a  semi-cylinder,  oi 
a  portion  of  one,  of  the  same  radius  as  the  top  of  the  furnace-tube, 
when  of  the  same  thickness,  they  being  both  subjected  to  the  same 
pressure. 

Besides  other  and  larger  boilers  on  the  Galloway  plan  at  the 

Gutta  Percha  works,  I  have  also  erected  several  of  various  sizes 

at  other  places,  in  which  perhaps  better  proportions  were  attained. 

Two  such  boilers  have  been  working  for  nearly  four  yeaffp  past 

•  at  the  London  Zinc  Mills,  more  successfully,  perhaps,  and  with 

Greater  economy,  than  has  ever  before  been  obtained  with  any 

stances.  The  dimensions  of  these  two  boilers  are  precisely  the 
same,  and  are  as  follows :  Length  twenty -four  feet,  diameter  seven 
feet.  Greatest  diameter  of  main  flue,  five  feet  seven  inches :  which 
flue  contains  twenty-one  vertical  water  tubes,  eleven  and  a  half 
inches  diameter  at  top,  six  inches  at  bottom,  and  two  feet  ten 
inches  long.  These  tubes  are  three-sixteenths  thick,  toelded,  and 
placed  zigzag  fashion,  so  that  a  man  may  creep  easily  along  each 
side  of  the  flue  and  sweep  in  amongst  them.  The  boilers  are 
placed  upon  a  number  of  fire-brick  blocks,  or  short  columns, 
eighteen  -  inches  high,  nine  inches  diameter,  and  eighteen  inches 
apart, — ^so  that  the  whole  of  the  lower  half  of  the  external  shell 
of  the  boiler,  except  where  it  rests  on  the  columns,  is  exposed  to 
the  smoke  and  hot  air  in  the  flame-bed.  The  flame  and  smoke 
thus  pass  through  among  these  columns  immediately  after  passing 
through  the  main  internal  flue -tube,  and  then  dip  underneath  the 
ash-pit  in  order  to  pass  into  the  chimney-flue.  Consequently  the 
products  ef  combustion,  after  proceeding  from  the  furnaces,  make 
but  (me  return  to  the  front  of  the  boiler  before  passing  off  to  the 
chimney,  which  happens  to  be  situated  near  the  front  end  of  the 
boiler.  The  feet  of  the  very  great  economy  of  these  two  boilers 
with  this  mode  of  setting,  so  very  opposite  to  the  Cornish,  and  in- 
deed the  too  usual  system  of  several  returns  of  long  winding  flnes, 
to  which  system  it  is  in  my  mind  uttercondemnation,  would  justify 
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any  one,  cognizant  of  this  case,  to  set  up  such  boilers  in  tbe  direct 
manner,  or  ^tbout  any  return  flues  whatever.  This  circumstance 
shows  the  suitability  of  these  boilers  for  marine  purposes  where 
no  external  flues  can  be  admitted. 

The  four  fUmaces  of  these  two  boilers  are  each  seven  feet  six 
inches  long  by  two  feet  nine  inches  dmmeter;  and  two  feet  eleven 
inches  deep, — composed  of  Low  Moor  plates  flve*sixteenths  thick. 
Each  of  these'  furnaces  contained  three  lengths  of  fire-bars,  each 
about  two  feet  two  inches  long,  half  an  inch  thick,  and  three- 
eighth-inch  spaces  between  them, — making  about  two-thirds  of  a 
square  foot  area  of  fire-bar  surbce  for  each  nominal  horse-power 
of  the  boiler,  that  being  called  fifty-five  horse. 

The  external  circular  shell  of  the  boiler  is  three-eighths  of  an 
inch  thicic  and  the  ends  ^even-sixteenths  of  Staffordshire  plates^ 
"  Thomeycroft's  best  best  crown  iron."  The  flat  ends  are  stiffened 
by  angle  irons  riveted  across  firom  side  to  side,  midway  between  the 
flue  and  the  top,  and  from  these  proceed  stay-bars  six  feet  long, 
riveted  in  a  sloping  direction  to  the  top  of  the  boiler.  Besides 
these,  each  end  is  forther  strengthened  by  four  "gusset"  or  angu« 
lar  plate  stays.  The  angle  irons  round  the  ends  are  three  and  a 
half  inches  broad,  and  the  rivets  are  two  inches  pitch.  Each 
boiler  is  surmounted  by  a  cylindrical  horizontal  steam  ''dome," 
ten  feet  by  three  feet,  with  curved  ends,  the  same  thickness  of  iron 
as  the  boiler.  This  dome  is  riveted  to  the  boiler  by  two  cast-iroa 
necks  or  short  pipes,  ten  inches  long  by  eight  inches  diameter.  7o 
these  domes  the  steam-pipes  are  attached.  One  five-inch  flat  disk 
lever  safety-valve,  and  one  glass  water-gauge,  is  attached  to  each 
boiler,  but  no  float-gauge  nor  self-acting  feed. 

These  two  boilers  were  employed  to  drive  two  forty-horse  en- 
gines of  the  ordinary  Boulton  and  Watt's  construction,  made  by 
Peel,  Williams  and  Peel,  of  Manchester ;  thirty-four  inch  cylin-. 
ders,  six  feet  stroke,  and  twenty  turns  a  minute ;  working  together 
a  little  over  200  indicated  horse-power,  which  they  ordinarily  did 
with  less  than  three  pounds  of  coal  per  horse-power  per  hour. 
ITie  steam,  being  thirty -five  to  forty-five  pounds  in  the  boilers,  is 
cutoff  hj  the  governor  and  double-beat  throttle-valve,  instead  of 
a  separate  expansion-valve,  at  an  average  of  about  a  third  to 
half  tlje  stroke. 

It  is  perhaps  useftd  to  mention  that  the  peculiarly  sudden  action 
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of  this  double-beat  or  equilibrium-Yalve,  wben  used  as  a  thrMk* 
yaive,  has  always  a  tendency  to  cause  priming,  mncli  more  than 
the  ordinary  spindle  throttle-valve  of  Bonlton  and  Watt  Thia^ 
together  with  the  natore  of  the  work  carried  on, — ^that  of  rolling 
thick  lumps  of  metal,  called;  gignificandy  enough,  ^'breaking- 
down/'  and  thin  sheets  called  ^'finishing,"  where  very  great  irregu- 
larity of  resistance  is  inevitable^-^involves  the  necessity  of  keeping 
the  steam  very  much  higher  in  the  boiler  than  is  required  in  the 
cylinder:  the  steam  in  the  cylinder  seldom  ranging  so  high  as 
twenty  pounds  per  square  inch,  while  in  the  boiler  it  is  from  thirty 
to  forty  pounds.  The  ever-varying  resistance  caused  by  these 
lumps  and  sheets  of  metal  passing  through  two,  three,  or  four  pair 
of  rolls^  at  the  same  time,  is  one  of  the  unfavorable  circumstances 
for  economy  before  alluded  to. 

Another  circumstance,  un&vorable  to  very  great  economy  in 
this  case,  was  the  draught,  which,  although  the  chimney  is  of  suf- 
ficient elevation  and  capacity,  was  much  injured  by  communication 
witb  other  furnaces  and  fire-places,  some  of  them  open  ones,  which, 
without  great  care  in,  or  total  absence  of  stoking  or  stirring  the  fire, 
made  it  impossible  to  prevent  some  smoke  at  particular  times, 
especially  after  the  fire-doors  had  been  thrown  open,  and  the 
ftimace  too  much  cooled.  Although  valves  were  applied  for  ad- 
mitting air  at  the  bridges  of  the  four  furnaces  of  these  boilers, 
by  which  aU  dense  smoke  was  thereby  entirely  prevented  for  a 
period  of  three  or  four  months,  and  a  certificate  was  obtained 
(torn  Sir  Bichard  Mayne,  the  chief  inspector  under  the  Metropol- 
itan Smoke  Act,  to  that  effect^  yet  no  sooner  was  there  an  occa« 
sion  to  change  the  fireman,  for  a  more  industrious  stoker,  than  the 
smoke  again  appeared,  and  the  owner  was  convicted,  unjustly,  as  I 
think,  in  a  penalty  under  Lord  Palmerston's  Act  It  is  unnecessary 
to  add  that  the  greatest  economy  of  these  boilers  in  fuel  was  he/ore 
the  Smoke  Act  came  into  operation.  In  addition  to  this,  the 
situation  of  the  boilers  was  such  as  necessitated  the  ^dipping"  of 
the  flue  considerably,  in  order  to  enable  it  to  pass  beneath  the  ash- 
pit, which  is  well  known  to  be  extremely  detrimental  to  draught 
Notwithstanding  all  those  drawbacks  against  the  probability  of  a 
good  performance  with,  at  that  time,  nearly  a  quite  new  kind  of 
boiler,  these  boilers  have  continued  to  work  four  years  without 
mishap  or  difficulty  of  any  kind — ^nearly  two  years  of  that  time 
night  and  day — at  the  same  extremely  economical  rate. 
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More  practical  reasons  of  the  like  kind  might  be  here  given ;  but 
what  has  been  already  advanced  may  be  considered  sufficient  to 
warrant  the  conclusion  that  this  plan  of  boiler  might  at  once  be 
applied  as  a  marine  boUer,  with  the  greatest  propriety  and  moral 
certamty  of  success.  For  this  purpose  the  boiler  will  require  very* 
little  modification  from  the  form  indicated  by  the  above  description 
If  any  deviation  be  necessary,  I  would  advise  that  for  60  or  70  lbs 
pressure  the  diameter  should  be  reduced  to  between  five  and  a  half 
and  six  and  a  half  feet,  and,  to  meet  the  exigencies  of  working 
with  salt-water,  besides  using  the  ordinary  surface  '*  blow-ofi^"  and 
other  similar  .appliances,*  we  would  make  all  the  plates  one-six- 
teenth of  an  inch  thicker  throughout  If  required  to  work  nearly 
or  quite  up  to  the  maximum  pressure  of  100  lbs.,  then  all  the  parts 
admitting  of  it  should  be  double  riveted,  and  the  rest  tvelded. 

THE  EXHIBITION  BOILEB  OP  1851. 

In  recommending  that  the  diameter  of  a  high-pressure  GaUoway 
boiler  should  be  about  six  feet,  it  is  not  without  due  consideration, 
and  considerable  experience  of  various  precedents  that  I  offer  this 
recommendation.  One  such  boiler  may  now  be  referred  to,  be- 
longing to  the  West-Ham  Qutta  Percha  Company  of  West  Street, 
Smithfield,  by  whom  it  was  bought  of  the  Commissioners  of  the 
Hyde  Park  Exhibition  of  1851,  where  it  had  been  worked  during 
the  six  months  that  the  Exhibition  was  open.  And,  although  only 
one  of  rdne  boilers  of  about  equal  power  used  for  the  purpose,  it 
supplied,  as  nearly  a^  could  be  estimated,  about  one  third  of  the 
whole  of  the  steam  used  in  that  building.  To  young  engineers, 
who  usually  take  theory  before  practice,  it  may  be  as  well  to  state 
that  my  reasons,  when  consulted  on  the  subject,  for  fixing  on  six 
,  feet  as  the  most  fitting  diameter  for  this  exhibition  boiler,  were,  in 
the  first  place,  that  with  that  diameter,  according  to  the  rules 
already  given  by  me,  a  three-eighths  of  an  inch  plate  is  of  ample 
strength  for  a  working-pressure  of  40  lbs.  per  square  inch ;  that 

• 
*  Lamb's  "  Surface  blow-off  apparatus,"  as  described  in  Murray  on  "  Marine 

EDgines/'  1852,  or  my  Boiler-C leaning  Machines,  as  described  in  my  Essay  on 
Boilers  in  1838,  and  first  figured  in  the  Artisan  Club's  "  Treatise  on  the  Steam- 
Engine/'  in  1844,  may  be  nsed  indifferently,  as  they  are  substantially  the  sane 
thing  intended  for  different  purposes :  the  object  of  tho  former  being  to  prevent 
scalef  and  that  of  the  latter  to  prevent  pn'miji^. 
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being  the  steam-pressure  recommended  by  Sir  W.  Cubitt,  and  the 
other  commissioners,  not  to  be  exceeded,  and  firom  whom  I  ob- 
tained at  last,  with  some  little  perseyeranoe,  their  consent  to  exhibit 
this  boiler,  a  difficulty  created  through  some  mistake,  by  which 
*four  boilers  of  a  different  kind  had  been  previously  ordered.  It 
was  then  erroneously  supposed  that  those  four  boilers  which  were 
of  the  multitubular  class,  though  without  fire-boxes,  blast-pipes, 
or  large  chimney  for  draught,  would  have  furnished  an  ample 
supply  of  steam  for  all  the  purposes  of  the  exhibition ;  but  in  this 
power,  as  the  event  proved,  they  were  utterly  deficient^  not  produo* 
ing  even  half  the  quantily  of  steam  required,  so  that  this  Galloway 
boUer  was  considered  only  as  a  supernumerary  one, — a  circumstance 
which  gave  a  very  instructive  lesson  to  the  railway  and  other  en* 
gineers  who  had  the  principal  share  in  managing  the  preparations 
for  working  the  machinery  on  that  occasion ;  and  the  result  was 
that^^wr  additional  boilers  had  to  be  supplied  in  great  haste  by  the 
same  contractor,  making  in  all  eight  of  the  multitubular  variety, 
and  one  Galloway  boiler,  before  an  adequate  supply  of  steam  was 
obtained.  Although  had  the  architectural  and  decorative  portion 
of  the  Commissioners  consented  to  the  erection  of  a  brick  chimney, 
which  would  have  been  quite  in  keeping  with  the  engineering  and 
scientific  object  of  the  exhibition,  instead  of  nine  boilers,  any  three 
of  them  would  have  been  sufficient,  besides  giving  an  excellent 
opportunity  of  exhibiting  a  variety  of  smoke-burning  inventions 
which  were  thereby  virtually  ignored.  As  it  vtsls,  there  was  a 
petty  exhibition  of  locomotive  chimneys,  a  few  feet  in  height, — 
with  one  exception,  the  funnel  of  a  marine  boiler,  only  twenty 
feet  high,  which,  in  spite  of  some  opposition,  I  succeeded  in  having 
erected  to  the  Galloway  boiler  we  are  now  describing. 

The  pressure  of  the  steam  being  limited  to  forty  pounds  per 
square  inch,  a  three-eighths  of  an  inch  plate  will  only  have  a  ten- 
sile strain  upon  it  of  something  less  than  4000  pounds  per  square 
inch,  sectional  area  of  the  iron.    The  formula  for  the  strength  of 

boilers  which  I  usually  employ  is,  p  ^  —^  where  a  is  the  strain 

which,  in  this  case  =»  4000  pounds,  i  =  the  thickness  of  the  metal 

in  inches,  =  '376  or  J,  and  d  =  the  diameter  of  the  boiler,  72 

inches^  or, 

2  X  4000  X  -375       ,^  ^  „ 
p  = ^2 =  *^'^  ^^^ 
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will  be  the  pressure  of  the  steam  allowable  with  these  dimenaions ; 
and  I  have  no  doubt  whatever  that  double  that  .pressure  might 
have  been  put  on  with  perfect  safety,  so  {slt  as  th'd  tensile  strain  on 
thd  circular  portion  of  the  boiler  is  concerned. 

Another  reason  for  the  particular  dimensions  of  this  boiler  waSt 
that;  besides  knowing  well  what  a  three-eighth  plate  will  bear,  it  is 
so  very  much  used  that  the  proper  thickness  for  securing  the  best 
workmanship  can  readily  be  obtained. 

There  needs,  perhaps,  no  excuse  fbr  having  made  this  boiler 
''  stronger  than  strong  enough,"  seeing  that  it  was  to  be  erected  in 
the  close  vicinity  of  so  many  thousands  of  persons,  daily  assem- 
bled in  the  exhibition  building,  which  was,  of  itself,  a  mattei:  of 
no  little  responsibility;  for  it  was  considered  good  policy  not  only 
to  be  perfectly  safp,  but  also  to  enable  the  general  public  to  feel 
themselves  safe,  by  an  assurance  of  a  surplus  of  strength  so  &x 
beyond  any  possible  requirements. 

For  ordinary  commercial  purposes,  however,  where  people  gen- 
erally know  what  they  are  about,  as  well  as  for  warlike  and  other 
government  purposes,  where  they  ougfU  to  know,  if  anywhere, 
this  very  inordinate  precaution  is  out  of  place.  And  although  I 
have,  both  by  precept  and  example,  recommended,  in  common 
with  many  other  engineers,  4000  lbs.  for  "  best"  Staffordshire,  and 
6000  lbs.  per  square  inch  strain  of  Yorkshire  irOn,  as  a  safe  rule 
to  be  adhered  to  by  boiler-makers,  I  am  now  inclined  to  modify 
that  opinion.  By  fixing  too  low  a  standard  for  strength  of  iron 
structures  generally,  the  result  has  been  to  induce  the  manu&ctnre 
of  very,  inferior  and  low-priced  qualities  of  iron,  which  are  sub- 
stituted for  the  best  in  many  ^situations  where  detection  of  the 
inferior  quality  is  difficult ;  and,  so  long  as  such  inferior  qualities 
reached  the  low  standard  required  for  the  best,  at  a  much  higher  . 
price,  an  inducement  is  gradually  being  created  among  boiler- 
makers  to  believe  that,  in  many  instances  it  is  only  "the  nams  of 
the  thing,"  which  their  customers  are  desirous  of  paying  for. 
Hence  the  various  designations  of  "best"  and  "best  beat  iron," 
although  the  latter,  in  some  cases,  signifies  the  toarat  of  two  or 
three  qualities  made  at  the  same  place.  As  three-eighths  of  an 
inch  is  a  kind  of  standard  thickness  to  refer  to,  and  the  kind 
called  "  Thomecroft's  best  crown"  is  so  well  known,  it  is  proper  to 
state  that,  not  only  has  the  boiler  already  referred  to  been  working 
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ait  from  50  to  60  Ibs^  but  several  other  boilers  of  the  same  kind 

of  iion,  same  thickness,  made  by  the  same  makers,  and  in  everj 

way  similar,  except  in  being  one  foot  more  in  diameter  (whioh 

wonld  be  equivalent  to  an  increase  up  to  from  60  to  70  lbs.  upon 

this  six-foot  boiler,)  have  been  working  nearly  the  same  length  of 

time,  and  they  are  working  now  with  perfect  impunity,  at  the , 

same  pressure.    Those  boilers  were  all  tested  at  the  injudicious 

pressure,  in  my  opinion,  of  ''  three  times  their  worJang-preaeu/rer' 

There  is  an  universal  prejudice  among  engineers  in  &vor  of  this 
"  treble  proof'  of  the  strength  of  a  boiler.  This  exhibition  boiler, 
for  instance,  was  thus  proved,  in  the  presence  of  one  <^  the  Boyal 
Commissioners,  at  160  lbs.  per  square  inch,  which  pressure,  in  the 
Commissioner's  and  the  maker's  opinions,  was  required  to  justify 
.  them  in  working  it  at  50  lbs.,  although,  in  an  ordinary  *case,  120 
lbs.  ii^ould  have  satisfied  them  when  the  working-pressure  was 
intended  to  be  only  40  lbs.  Now,  I  am  not  going  to  contend  that 
the  least  injury  was  likely  to  be  sustained  by  this  particular  boiler 
exposed  to  so  severe  a  strain ;  but  I  wish  to  point  out  the  absurdity 
and  injurious  consequences  likely  to* arise  from  the  prevalence  of 
such  a  dogma  when  applied  to  very  high  pressure,  however  safe  it 
has  always  been  at  low  ones,  say  under  10  lbs.,  or,  at  most,  up  to 
20  lbs.  per  square  inch. 

^  instead  of  moderately  good  Staffordshire  plates,  capable,  we 

,y  suppose,  of  bearing  a  tensile  strain  of  twenty  tons  per  square 

^^  section  before  breaking,  we  have  a  boiler  to  test  made  of  an 

We^ri^'^  quality  of  iron,  say  only  capable  of  supporting  sixteen  or 

B^Ye^^r^-^i^^n  tons,  which  was  found  by  Mr.  Lloyd  to  be  the  ultimate 

Bke<^gtil^  of  the  iron  of  the  boiler  of  the  "  Cricket"  steamboat  that 

e^^^^Ki^  on  the  Thames,  in  1847 ;  and  if  as  was  proved  by  Mr. 

•tioyd,   in  that  case,  by  direct  experiment  on  the  corresponding 

boiex'^  every  way  similar  to  the  exploded  one,  namely  five  feet 

"^^eter  and  three-eighth  plates,  that  the  latter  was  severely 

T^^^ed  close  to  the  bursting-point,  and  permanently  injured  by 

^^  application  of  186  lbs,  per  square  inch,  giving  a  reduction  of 

*^out  forty  per  cent  for  the  riveted,  below  the  original,  or  solid 

P***^,  as  tested  by  him,  in  strips  of  two  inches  broad, — ^we  have 

^^y  to  suppose  that  our  exhibition  boiler  had  been  of  the  "  half- 

P^UUy  y^^  Cricket"  quality,  and  if  tested  at  three  times*  the 

^^ded  pressure,  or  120  lbs.,  which  it  might  have  passed  safely. 
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perliaps,  ancef  and  afterwards  worked,  without  suspicion,  at  40  Ibs^ 
althougli  in  reality,  tveakened  by  the  process  so  much  as  to  become 
dangerous,  eyen  at  sixty,  and  it  might  explode  at  half-a-dozen  or 
80  pounds  higher  pressure.  K  such  a  result  may  follow  such  a 
practice,  what,  it  may  be  asked,  would  be  a  safer  mode  of  proceed- 
ing 7  I  answer,  from  the  results  of  my  own  practice,  as  follows : 
I  would  have  taken  a  mean  point  in  the  above  supposed  case, 
between  40  lbs.,  the  working-pressure,  and  the  estimated  strength 
of  the  iron,  say  140,  which  would  be  at  90  lbs.,  and  make  that  the 
point  at  which  to  test  the  boiler.  That  is  not  much  more  than 
double,  in  fa^t,  120  per  cent.,  above  its  working-pressure,  namely 
50  lbs.,  as  well  as  being  also  50  lbs.  below  the  estimated  strength 
g£  the  iron ;  and  supposing  the  life  (as  it  is  called)  of  such  a  boiler 
to  be  estimated  at  five  years,  then  this  proof  test  ought  to  *be 
reduced  by  equal  instalments  of  10  or  15  lbs.  each  year.  Now, 
who  will  say  that,  if  such  a  course  of  procedure,  or  some  similar 
one,  had  been  made  compulsory  by  legal  enactment,  before  the 
"  Cricket"  explosion,  that  that  "  accident,"  and  many  others,  would 
not  have  been  avoided  7  But  as  we  are,  so  far,  only  dealing  with 
probabilities,  we  may  take  the  actual  pressure  used  in  the  "  Cricket^" 
namely,  working-pressure,  as  proved  at  the  inquest,  66  lbs.,  the 
bursting-pressure,  as  proved  by  Mr.  Lloyd's  experiments,  186  lbs., 

which  gives  a  mean  of ^ =  101  lbs.  for  the  testing-pointy 

.or  about  fifty  per  cent  only,  above  the  actual  working-pressure. 
By  this,  it  wiU  be  seen  how  much  safer  a  test  of  this  proportion 
would  have  been  than  the  treble  test.  ' 

I  have  stated  in  a  previous  work  that  a  test  of  double  the  work- 
ing-pressure was  amply  sufficient;  but  I  by  no  means  wished  it  to 
be  inferred  that  such  a  test  should  be  considered  to  be  necessary,* 
or  useful,  except  at  moderately  low  pressures.  In  my  notes  to  the 
edition  of  "  Tredgold  on  the  Steam-engine,"  published  in  1852-3, 
I  regret  having  overlooked  what  I  consider  a  dangerous  error  in 
that  author.  Although  he  admits  that  double  the  working-pressure 
is  a  sufficient  test  for  low-pressure  boilers,  he  states  that  ''it 
becomes  insu&cient  in  high-pressure  boilers,  because  they  have  a 
smaller  amount  of  steam  room,"  and  actually  gives  a  formula  for 
caloulating  the  excess  of  strength  which  he  would  give  to  a  boiler 
on  that  account^  saying,  "  If  one  boiler  contains  twenty  cubic  feet 
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•  for  eacli  horse-power,  and  another  only  ten,  the  boiler  with  only 
ten  feet  of  space  should  be  of  twioe  the  strength."  It  is  scarcely 
necessary  to  point  out  how  Tbeboold  confounds,  here,  two  entirely 
different .  objects ;  one,  the  prevention  of  injury  to  boilers  by 
excessive  strain  in  testing  them ;  the  other,  the  having  such  an 
excess  of  strength  as  ''to  provide  against  accident  in  the  event  of 
the  valves  being  out  of  order,"  &c.  (Page  268.)  Trusting  that 
these  remarks  may  in  some  small  degree  atone  for  the  share  I  took 
with  others  much  more  competent  in  delaying  a  little  longer  the 
descent  into  oblivion  of  this  heterogeneous  work  of  "  Tredgold  on 
the  Steam-engine/'  I  shall  return  to  the  description  of  the  Galloway 
exhibition  boiler. 

If,  as  I  think  I  have  made  manifest,  this  six-feet  boiler  of  three* 
eighths  Staffordshire  iron,  with  the  ordinary  lap  and  single-riveted, 
be  equal  to  a  working-pressure  of  70  lbs.  per  square  inch,  then  it 
may  safely  be  asserted  that  a  boiler  of  the  same  shape  and  dimen- 
sions of  Low- Moor  or  Bowling  Iron,  one  sixteenth  of  an  inch 
thicker,  and  double-riveted,  welded,  indeed,  where  necessary,  and 
judiciously  stayed,  would  be  abundantly  safe  to  work  in  a  steam- 
ship at  the  maximum  pressure  of  100  lbs. 

That  such  a  boiler  for  such  a  purpose  would  be  very  decidedly 
superior  in  every  respect  to  any  form  of  marine  boiler  at  present 
in  ordinary  use  for  large  steam-ships,  scarcely  admits  of  a  question 
with  any  one  understanding  the  subject ;  and  those  who  do  not 
may  have  the  clearest  of  proofs  in  the  performance  of  the  land 
boilers  I  have  referred  to,  as  well  as  that  of  many  others  on  the 
same  principle,  now  spread  all  over  the  country. 

We  contend  for  the  adoption  of  the  correct  principle  which  we 
know  that  these  boilers  contain.  And  as  certainly  as  is  the  truth 
of  any  common  rule  in  arithmetic  demonstrable  to  those  who  con- 
sent to  examine  the  proof,  so  certain  is  it  in  my  apprehension  that 
&QJ  expedient,  which  supersedes  the  present  flue  and  multituDular 
marine  boilers,  will  very  considerably  accelerate  the  passage  be- 
tween this  country  and  America.  If  this  be  accomplished  even 
only  by  a  single  day  of  the  nine  that  is  yet  required,  a  great  object 
will  be  attained  for  the  progress  and  welfare  of  the  people  of  both 
countries.  That  such  an  achievemenlT  is  a  point  worthy  of  any 
man's  ambition,  we  need  not  insist  on, — or  that  of  any  numbe^r  rf 
men,  on  either  or  on  both  sides  of  the  Atlantic.    To  shorten  the 


264  IIKCHASnCAL  XX<|IKEXRTKa. 

« 

-Why  to  America,  by  reducing  the  time  now  occupied  at  tlie  rate 
of  only  ten  per  cent,  per  annum  for  the  next  four  years,  would 
solre  a  problem  of  immense  social  importance.  It  would  in  four 
years  time  lay  us  alongside  our  friends  and  brothers  in  the  United 
States  in  six  days  1  That  this  will  yet  be  accompU^ed,  there  can 
be  little  doubt  I  Experiments  in  &ct  are  already  in  progress  with 
tibds  end  in  view.  To  reach  New  York  in  six  days  is  an  object  far 
above  any  partisan  or  even  national  views,  nor  is  the  benefit  wholly 
measnrable  by  the  pecuniary  or  commercial  advantages  attained. 
For  It  is  by  such  achievements  that  nation  is  to  be  knit  to  nation 
by  bonds  of  undying  brotherhood,  and  the  advent  is  to  be  hastened 
of  that  peaceM  kingdom,  the  clarion  of  whose  renown^  and  the 
majesty  of  whose  sceptre;,  will  command  the  joyful  homage  of 
mankind. 

'  On  a  subject  of  such  vast  interest  as  a  material  improvement  In 
the  art  of  steam-navigation,  evety  engineer,  sailor,  and  shipwright^ 
has  some  crochet  of  his  own.  I  confess  not  to  be  singular  in  this 
respect,  and  some  of  my  plans  of  improvement  have  been  not  con- 
fined to  paper.  They  have  embraced  both  engines  and  propellers, 
but  have  principally  been  devoted  to  boilers  and  to  fumacej. 
Though  certainly  I  have  never  been  guilty  of  trying  to  help  a 
ship  on  her  way  to  America  by  hmrning  sTnoke,  the  miscarriage 
oaused  by  which  was  subsequently  visited  upon  unoffending 
parties. 
The  merit  of  that  abortive  attempt  lies  with  Mr.  Charles  Wye 
-  Williams,  so  well  known  for  his  nostrums  in  smoke  prevention^ 
and  the  untiring  energy,  usually  appertaining  to  such  adventurers. 
That  a  properly  constructed  Fir^-feeder,  which  would  supply  the 
fdmaces  without  involving  the  necessity  of  opening  the  fire-doors, 
or  admitting  air  except  through  the  fire-bars,  would  be  of  great 
advantage,  and  abolish  the  slavery  of 'the  stoke-hole,  no  one  can 
deny.  But  that  would  be  irrespective  of  any  smoke-consuming  or 
prev^itive  propertied  it  might  possess ;  which,  however  desirable, 
should  no£  be  allowed  to  engross  our  first  attention*  Feeding  aifd 
stoking  the  fire,  however,  have  long  been  acoompliahed  by  very 
simple  machinery,  on  the  principles  of  Stanley  and  Walmsley,  and 
Miller.  All  the  three  ini^ntions  are  now  public  property:  the 
patents  having  long  since  expired ;  and,  alas,  the  patentees,  whom 
>  I  knew  well,  have  expired  also.    They  were  thoroughly  practical 
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engineers^  and  their  inyentions  were  entirely  successfiil  on  land,  aa 
they  would  liaTe  been  on  sea  also  had  an  opportunity  been  afforded 
for  their  triaL  Those  applianoes  to  a  suitably  constructed  marine 
boiler  it  is  underrating  them  to  say  would  increase  the  boiler  power 
of  the  steam-ship  by  ten  per  cent,  as  they  have  always  done  that 
of  the  steam-mill  on  land  by  double  that  amount 

These,  and  many  such  equally  valuable  inventionfl^  not  the 
speculations  of  mere  "scienoe-mongering"  amateurs,  or  paper 
engineers,  but  the  actual  tried  and  proved  productions  of  practical 
operative  mechanics,  lie  at  hand  ready  for  application  to  every 
emergency  that  oan  possibly  arise  in  the  development  of  that 
inqprovement  c^  steam-navigation  now  so  i:^gentiy  required. 

''  Where  there  is  a  will  there  is  a  way,"  is  an  asdom  in  mechanics^ 
as  in  other  things,  if  there  be  money.  As  a  sample  of  the  mode  of 
proceeding  in  the  choice  of  an  improved  boiler,  let  any  plain  busi- 
nes8-man  or  merchant — he  need  be  neither  an  engineer  nor  man  of 
Bcience — obtain  a  ten-minutes'  interview  with  the  manager  of  the 
West-Ham  Gutta  Percha  Company,  at  their  extensive  works  in 
West  Street,  Smithfield ;  or  let  him  go  to  any  other  factory  of 
which  there  are  several  in  London,  where  the  Gidloway  Boilers 
have  been  working  for  several  years, — ^for  I  perhaps  take  a  liberty 
in  referring  to  this  one  mote  than  others,  which  I  have  done  from 
its  central  position  in  the  city,  and  its  having  been  so  well  known 
for  many  years  as  the  Iron  Works  of  the  late  Alexander  Gblloway 
and  Sons,  the  eminent  engineers,  formerly  of  this  country,  but  n6w 
of  Egypt  He  will  tiiere  see  the  original  exhibition  boiler  at 
work,  which,  I  have  the  authority  of  Mr.  Walter  Hancocl^  of  the 
Gutta  Percha  Company  for  stating,  has  been  working  under  his 
superintendence  almost  uninterruptedly  four  or  five  years  since  the 
closing  of  the  Exhibition, — a  great  portion  of  that  time  working 
night  and  day,  and  frequently  at  the  extreme  range  of  pressure ; 
thisy  too,  without  any  deterioration  from  use.  A  few  minutes'  in- 
q)ection  will  bring  entire  conviction  of  the  accuracy  of  what  we 
state.  The  visitor  will  there  see  a  greater  quantity  or  steam  pro* 
dueed  by  a  comparatively  small  boiler,  which  might  if  necessary 
be  fixed  a'board  a  steam-ship,  and  at  work  in  a  few  days, — at  a 
greater  pressure  by  two  or  three  times  over  than  is  now  generally 
attainable  in  the  present  marine  boilers :  withal,  too,  at  the  cost 
of  a  much  less  quantity  of  very  inferior  coal  than  is  at  present 
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required  peAaps  by  any  other  description  of  boiler,  even  on  land. 
He  will  see  all  this  done  without  the  fussing,  stewing,  and  sweating 
of  the  present  barbarous  stoke-hole  practice  aboard  ship,  which 
too  many  people  think  a  necessary  concomitant  of  all  marine 
steam-engines.  On  the  contrary,  he  will  see  the  work  done  quietly, 
with  cleanliness  and  easily;  and  the  black  smoke  "perfectly  con- 
sumed" into  the  bargain,  without  the  intervention  of  any  smoke- 
consuming  apparatus  of  any  kind,  patent  or  otherwise, — no  air 
being  admitted  to  the  tonace  except  what  passes  through  the  fire- 
grate;  and  hcxwill  instantly  ask  himself,  is  all  this  applicable  or 
possible  in  a  steam-ship  ?  My  answer  to  such  a  question  is,  that 
it  certainly  is,  excepting  merely  the  tall,  brick  chimney,  the  want 
of  which  would  only  affect  the  ability  to  consume  inferior  ftiel,  or 
the  prevention  of  a  little  smoke,  but  which  qualities,  if  thought 
important,  may  be  easily  retained  by  the  introduction  of  a  small 
bloving-fan.. 


THE  ELEPHANT  BOILEB. 

Having  disposed  of  the  question,  how  steam  can  be  best  ob- 
tained at  a  pressure,  or  nearly  up  to  a  pressure,  of  100  lbs.  per 
square  inch,  and  that  in  boilers  with  internal  furnaces,  thereby 
permitting  their  use  in  woodm  ships  where  necessary,  we  come 
now  to  the  requirements  of  100  lbs.  pressure  and  upwards.  For 
this  purpose  we  anticipate  the  necessity  of  an  iron  ship.  The 
reason  for  this  is,  in  the  first  place,  that  to  enable  boilers  of  a 
given  thickness  and  strength  of  material  to  stand  a  double  pres- 
sure, they  must  be  just  half  the  diameter :  therefore  it  is  neces- 
sary  to  have  external  instead  of  internal  furnaces.  It  is  an  inevi- 
table  law  that  the  strength  of  the  shell  of  a  cylindrical  boiler  is 
inversely  as  its  diameter :  or,  in  other  words,  if  we  find  a  6-foo1^ 
diameter  boiler  with  a  three-eighths  shell  to  stand  60  lbs.  pressure^ 
then  we  mav  be  assured  that  a  8-foot  boiler  will  stand  120  lbs. ' 
pressure,  or  nearly  so,  under  the  same  circumstances.  In  the 
second  place,  the  fall  value  in  heat,  firom  any  kind  of  fuel,  cannot 
be  obtained  without  the  intervention  of  fire-brick,  or  other  non- 
conducting substances,  but  with  which  it  would  be  quite  imprac- 
ticable to  line  the  present  marine-boiler  furnaces,  or,  in  feet,  almost 
any  internal  fiirnace  for  commercial  purposes :  although  we  recol- 
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lect  the  case  of  an  iron  fire-box  boiler,  erected  to  beat  a  new 
church  in  Manchester,  some  years  ago,  having  its  steam-generating 
power  nearly  doubled  by  simply  putting  in  a  fire-brick  lining 
round  the  fire-grate, — thus  preventing  the  refrigerating  eflfect  on 
the  fuel  and  flame  produced  by  the  close  contact  of  the  water- 
casing  and  bridge  of  the  fire-box.  Many  good  smoke-burners 
have  been  made  simply  by  inserting  a  few  fire-bricks  in  this  way, 
thus,  as  it  is  called,  concentrcUing  the  heat. 

By  making  a  small  boiler,  we  make  a  strong  boiler;  and  by 
making  a  brick  furnace,  we  make  a  hot  fire. 

In  adopting  the  elephant  principle  for  a  marine  boUer,  we  get 
both  these  advantages,  a  small  diameter  and  an  external  furnace. 
But,  besides  that,  we  get  a  large  width  of  fire-grate,  and  the  con- 
venience of  using  firing-machines.  Moreover,  as  the  resistance  is 
more  dependent  on  the  width  of  the  ship  than  its  length,  it  is  in- 
cumbent to  occupy  the  entire  beam  dimensions  of  the  vessel  with- 
out the  intervention  of  water-legs  between  the  famaces,  if  we 
require  the  maximum  power  of  the  boilers,  when  they  are  ar- 
ranged transversely  across  the  ship.  TBiia  the  elephant  boiler  gives 
us  the  means  of  doing  with  advantage.  A  range  of  three  or  four 
boilers  #may  be  thus  made  to  occupy  the  whole  breadth  of  the 
vessel,  with  nothing  beyond  a  thin  fire-brick  wall  between  the  ftir- 
naces.  The  proper  physical  management  of  the  furnaces  is  a 
matter  on  which  far  more  reliance  ought  to  be  placed  for  increas- 
ing the.  power  of  steam-ships  than  is  dreamt  of  by  any  of  our 
"chemically  considered"  combustion  patentees.  It  is  not  under- 
valuing science,  but  the  contrary,  to  maintain  this, — ^in  which  I 
shall  be  joined  by  Faraday,  as  I  was  by  John  Dalton  when  living. 
To  encourage  a  fireman  to  work  by  tact  and  judgment, — ^not  by 
|mpirical  rule, — ^to  become  dexterous,  watchful  and  discriminating, 
is  surely  of  more  use  than  to  cram  him  with  the  jargon  of  science, 
which  would  leave  him  as  useless  a  member  of  society  as  those 
who  are  already  thus  distinguished.  Chemical  diagrams,  and  the 
atomic  system  of  philosophy,  will  give  little  aid  in  keeping  up  the 
steam,  and  those  who  are  chemists  among  stokers,  and  only 
stokers  among  chemists,  will  lend  little  aid  to  the  advancement  of 
either  art. 

Although  the  elephant  boiler  is  perhaps  more  popular  in  France, 
and  on  the  Continent  generally,  where  it  was  introduced  by  Woolf 
17 
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luHiself  many  yeaxs  ago>  it  la  much  used  in  and  about  London, 
principallj  at  flour-mills,  being  considered  a  strong  and  safe  boiler, 
but  6mohy.  Hence^  it  is  often  used  with  Welsh  smokeless  coal,  but 
it  is  well  adapted  to  Jukes's^  HaU's,  or  other  smokeless  fire-feeding 
machines.  I  consider  that  three  instead  of  two  lower  tubes  are 
obJQotianable^  as  they  are  in  that  case  too  small  to  be  easily  kept 
clean.  Such  boilers  are  not  much  used  in  the  manu&cturing  dis* 
tricts,  where  they  are  known  as  ^'French"  boilers.  But  there  ara 
some  good  examples  iu  Lancashire,  the  two  lower  tubes  being 
made  large  enough  for  a  man  to  get  into  to  clean*  They  have 
been  commonly  made  by  Messrs.  B.  Hick  and  Son,  of  Bolton, 
to  go  with  their  engines  abroad.  Some  erected  by  them  at  Bar« 
oelona,  in  Spain,  were  of  weI]*considered  proportions,  being  24 
feet  long,  the  main  body  of  the  boiler  4  feet  diameter,  and  egg-^ 
ended ;  the  two  lower  tubes  each  2  feet  2  inches  diameter  inddei, 
with  only  two  or  three  inches  betwixt  them.  The  vertical  con- 
necting^pipea,  or  water-legs,  were  18  inches  diameter ;"  and  the  fire- 
grate was  5  feet  wide  by  6  feet  long. 

The  most  powerful  boileiy  of  this  kind  I  have  seen  were  erected 
by  the  same  makers  at  the  "  India  mill"  of  Lees»  Kershaw  and  Co., 
in  Stockport  They  are  85  feet  long  by  5  feet  diameter  in  the 
main  barrel ;  the  two  lower  tubes  are  2  feet  3  inches  diameter;  con* 
necting-pipes  16  inches  diameter,  and  2  feet  8  inches  high.  The 
main  barrel  of  the  boiler  is  flai-endedf  and  contains  a  fire-flu^  2 
feet  8  inches  diameter,  which  is  the  most  objectionable  feature  a9 
regards  safety.  Nevertheless,  these  boUers  are  worked  very  satia- 
factoicUy  with  a  pressure  of  64  lbs.  per  square  inch,  and  using 
little  more  than  40  tons  of  coal  per  week«  Two  of  them  are 
capable  of  exerting  about  500  indicated  horse-power,  driving  cot- 
ton mackbtory,  &a  They  consume  about  3  lbs.  of  cool  per  ind^ 
cated  horse-power  per  hour,  by  means  of  a  pair  of  compouna 
engines  of  8-feet  stroke,  making  16^  strokes  per  minute.  One 
engine  has  the  large  cylinder  60  in.  diameter,  and  the  small  one 
of  23  in.  The  other  engine  has  the  large  cylinder  of  52*  in^ 
and  the  small  one  of  25  in.  The  steam  is  cut  off  at  5f  fl.  of 
the  stroke.  These  boilers  occasionally  work  in  conjunction  with 
double-flued  cylinder  or  Cornish  boilers,  6  feet  diameter,  with 
which  ihey  contrast  Very  favorably.  The  fire-bars  are  three-  • 
fourths  of  an  inch  thick,  and  the  rate  of  combustion  quick,  say 
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10  to  16  lbs.  of  common  coal  per  sqtiare  foot  per  hour.  The 
draught  is  prodooed  by  a  biick  chimneji  65  yards  high  by  6|  feet 
wide^  inside,  at  top»  and  1  inch  per  yard  batter  oatside.  The 
above  data  were  collected  in  1848-9;  since  which  the  boilers  have 
been  sapplied,  I  believe,  with  my  cleansmg-machines,  aad  with 
Dean's  doable  fire-feeding  machines.  They  have  also  be^i  covered 
with  felt,  &Gw:  all,  of  course,  tending  to  produce  a  still  more 
economical^result  I  offer  this  as  a  sample,  and  not  by  any  means 
a  solitary  one,  oi  the  engineering  economy  of  Lanca^urs^  which 
I  wouM  «ibmi*  to  the  conaideration  of  my  engineering  friend,  in 
Cornwall,  with  their  lightly-loaded  engines  and  superior  ooaL 

I  scarcely  need  add,  that  none  of  the  new  smoke-burning 
schem^  have  any  share  in  producing  the  economy  at  the  India 
null,  unless  Mr.  Dean's  excellent  flre-feeders  be  classed  among 
such.  They,  however,  do  not  operate  by  letting  in  ea2i  air  against 
the  boiler  bottom,  but  by  keeping  it  as  hot  as  possible,  and  the 
fire-door  shut  At  any  rate,  they  cannot  be  said  to  be  benefited 
by  any  thing  that  has  come  out  of  Lord  Palmerston's  Sooyoke  JLct 
At  another  mill,  belonging  to  the  sam^  firm  in  Stockport^  previous 
to  the  erection  of  this  one,  having  three  large  engines,  also,  doing 
about  500  horse-power  by  120  tons  of  bad  coal  per  week,  several 
then  well-known  plans  of  smoke-consuming,  or  prevention,  were 
tried  successively  without  any  appreciable  saving  of  coal, — ^some 
of  them  at  an  expense  of  some  hundreds  of  pounds.  The  list  of 
inventors'  or  pat^itees'  names,  as  given  to  me  by  a  member  of  the 
firm,  comprised  those  of  Bodda,  the  two  Halls,  Chanter,  Arm- 
strong,  and  Williams.  My  own  plan,  in  this  selection,  it  ^  only 
proper  to  states  was  the  only  one  that  cost  them  nothing,  being  a 
careM  system  of  charging  the  fires  at  the  back,  which  I  intro- 
duced at  Ihe  same  works,  the  Mersey  mills, — ^then  belonging  to 

^another  firm,*— many  years  previously*  This  mode  of  firing  is 
described  in  one  of  my  **  Tracts  on  Steam,"  also  in  the  Artisan 
Club's  Treatise  on  the  Steam-!^ngine. 

I  might  here  ask  what  possible  olgeetion  could  be  raised  against 
taking  so  simple  and  efficieiit  a  boilear  as  above  described,  and*of 
whidi  the  performance  can  be  so  easily  verified,  and  place  it  in  an 
iffon  stcttmer^  at  once,  and  withal  at  so  cheap  a  rate  (from  £S5  to 

.  £4^  per  ton  of  Low-Moor  iron),  in  place  of  the  presort  mul^bu- 
lar  marine  boiler,  costing  dovik  the  expense  ? 
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In  referring  to  Arthur  "Woolf  as  tlie  inventor  of  boilers  com- 
posed of  ayatems  of  comparatively  small  water-tubes,  and  which 
he  was  mainly  conducive  to  bring  into  use  between  1810  and 
1820,  it  is  not  to  be  understood  as  applying  exclusively  to  the  par- 1 
ticular  form  of  boiler  patmted  hy  bim.  That  boiler  was,  for  rea- 
sons applicable  to  most  patented  articles,  not  the  best  specimen  of 
the  invention,  and  it  was  deficient  in  proper  circulation  of  the 
water.  Woolfs  boilers  were  really  not  successM  until  they  took 
the  form  of  tiie  Elephant,  or  French  boiler,  the  latter  designation 
being  applied  in  consequence  of  its  being  first  introduced,  if  not 
also  first  made,  in  France,  by  Mr,  Woolf  himself. 

I  rather  wish  to  consider  him  in  common  with  Oliver  Evans  in 
America  and  Dr.  Alban  on  the  Continent,  as. the  propoundei  of  a 
principle  of  construotion  of  perfectly  safe  boilers  for  very  high 
pressure,  that  of  confining  the  pressure  entirely  within  tubes  <^ 
comparatively  small  diameter.  That  system  of  construction  was 
almost  a  necessary  concomitant  of  the  introduction  of  the  com- 
pound high  and  low-pressure  engines  by  "Woolf  and  Edward^ 
which  engines  have  been,  since  their  time,  extensively  made  by 
Hall,  Humphreys,  Bennie,  Hick,  and  others.  The  great  .sucoess 
Fig.  92. 


of  these  engines  in  'exirane  economy'  of  fhel  with  extreme  high- 
pressure  steam,  has,  for  some  time  past,  created  a  great  demand 
for  suitable  boilers;  and  that  demand  has  been  recently  met,  in 
an  excellent  form  of  boiler,  partly  on  Woolf 's  principle  by  Dunn, 
Hattersl^,  and  Co.,  of  Hanchester ;  but  in  which  the  oirculatioa  . 
of  the  water  is  more  perfect  than  in  Woolfs  original  plan. 
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The  patent  boiler  of  this  firm,  termed  by  them  "the  Duplicate 
or  Betort  boiler,"  is  represented  in  the  annexed  cut. 

It  was  first  introduced  to  public  notice  at  a  meeting  of  the  In- 
stitution of  Mechanical  Engineers  at  Manchester,  and  has  since 
been  tested  to  work  with  perfect  safety  at  260  lbs.  per  square  inch. 
One  of  the  retorts,  nineteen  inches  diameter,  having  been  pur- 
'posely  pressed  until  it  burst,  was  found  to  sustain  the  extreme 
high  pressixre  of  525  lbs.  before  it  gaye  way. 

This  boiler  appears  to  be  formed  principally  with  a  view  to 
portability  and  lightness,  for  convenient  transit,  in  which  it  cer- 
tainly exceeds  all  others.  Besides  its  great  strength,  it  has,  in  my 
estimation,  other  valuable  features,  such  as  its  capability  of  admit- 
ting any  modification  in  size  of  fire-grate,  or  of  fire-feeding 
machinery,  underneath  it ;  and  next  to  that  is  the  very  large 
proportion  of  effective  heating-surface  exposed  to  the  direct 
radiation  of  the  fire  on  the  grate.  It  has  also  the  .advantage  of 
admitting  of  the  retorts  being  turned  aver,  as  they  become  blistered 
or  worn  over  the  fire,  or  of  being  replaced  by  others  farther  of^ 
or  by  new  ones. 

An  attentive  consideration  of  Mr.  Dunn's  boiler  will  discover  it 
to  possess  some  valuable  peculiarities  in  regard  to  the  deposit  of 
mud,  which,  so  long  as  the  water  chambers  are  connected,  must 
necessarily  lodge  principally  in  a  few  of  the  retorts  &rthest  firom 
the  fire-grate.  The  retort  at  the  extreme  end  will,  in  fact,  act  as  a 
mud  vessel  or  cleaning-apparatus  for  the  remainder.  A  most  im- 
portant j)urpose  will  thus  be  effected,  which  I  hope  to  have  an 
early  opportunity  of  comparing  with  previous  inventions  for  the 
same  purpose  before  pronouncing  a  decided  opinion,  content  for 
the  present  in  remarking  that  the  same  conditions  which  constitute 
the  last  retort  of  the  series  an  efficient  mud-coUector,  also  constitute 
it  the  most  appropriate  portion  of  the  boiler  at  which  to  supply 
the  feed- water,  and  thereby  act  as  a  heater  to  the  latter.  To  this 
portion  of  the  boiler  Mr.  Dunn  attaches  a  cock,  or  other  means  of 
blowing  ofT  the  sediment  frequently.  Of  mud-collectors  and  water- 
heaters  combined,  there  are  a  great  many  varieties,  among  whieh 
•WQ  may  mention  that  of  Mr.  E.  Green,  of  Wakefield,  as  one  of  the 
most  successM  in  extensive  use ;  but  I  have  never  seen  any  that 
•in  simplicity  and  compactness  approaches  this  of  Mr.  Dunn's,  and 
I  would  say  it  is  applicable  to  other  boilers,  the  Oornish  in  parti- 
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cvlar,  18  well  a»  the  retort  boiler,  of  which  it  is  a  component 
part 

Of  oleaning-machineB  that  are  applicable  and  e£Eectnal  in  eveiy 
situation,  to  all  qualities  of  water,  and  every  kind  of  boiler,  locomo- 
tirc^  stationary,  and  marine,  there  is  only  one  variety — ^that  with 
the  internal  collecting  Teesels,  agitator,  and  blow-off  cock — that 
can  prevent  priming.  And  this  they  do  most  effectually  under 
all  circumstances,  if  there  be  room  in  the  boilers  to  £x  them. 
Nothing  can  be  of  greater  importance  in  improving  the  steam- 
■  engine  than  the  efieotual  prevention  of  priming,  and  the  subject 
of  oleaning-maohines  i^  on  that  acconnt,  alone  almost  entitled  to 
some  fnture  volume  of  suoh  a  work  as  this  to  itsel£ 

Tig.  >3. 


Having  recently  learned  that  some  aea-going  vessels  contained 

'  Messrs.  GaUoway'a  conical-tube  boilers,  I  immediately  procured 

the  above  sketch  firom  the  Patent  Qf&o^  which,  I  am  informed, 

represents  correctly  the  boilers  in  qaestion,  although  not  drawn  to 

any  precise  scale. 


CHAPTER  XXV. 

SMOKB  PRXV1ENTI0K  AND  ITB  FALLACIX8.   • 

While  the  greatest  attention  has  been  given  hj  engineers  at  aU 
times  in  advancing  the  steam-engine  towards  perfection,  much  less 
baa  been  done  than  ought  to  have  been  done  in  improving  the 
construction  of  the  boiler ;  but  least  of  aU  has  been  done  for  the 
fomace,-^the  details  of  fire-grate,  the  supply  of  fuel/  and  the  most 
important  of  all,  the  management  of  the  FIBB,  upon  the  proper 
operation  of  which  much  of  the  efficiency  of  the  machine  is  de- 
pendent The  business  of  the  "  stoker/'  however  subordinate  and 
apparently  unimportant,  cannot  long  be  neglected  with  impunity ; 
for,  like  die  organ-blower,  he  will  occasionally  let  us  know  that  the 
instrument  cannot  work  without  him.  That  portion  of  mechanical 
engineering  which  concerns  the  architecture  of  furnaces  has  been 
for  so  long  a  period  left  to  the  mercy  of  the  operative  bricklayer 
and  the  iron-founder,  who  have  both  done  what  theiy  could  with 
large  quantities  of  fire-brick,  fire-clay,  and  thick  heavy  fire-bars^ 
that  it  has  become  like  certain  less  agreeable  portions  of  another 
profession  we  might  name,  which  the  regular  practitioner  commonly 
endeavors  to  avoid,  but  which  there  are  plenty  of  irregulars'' 
ready  to  occupy.  The  consequence  of  this  has  been,  as  in  the 
profession  alluded  to,  that  this  important  branch  of  engineering  is 
so'  much  overrun  by  quacks  and  pretenders,  as  generally  to  excite* 
a  considerable  degree  of  contempt  in  honorable  minds  for  the  sec- 
tion of  the  arts  thus  degraded.  To  these  phenomena  may  now  be 
added  the  natural  effect  of  the  recent  alteration  in  the  patent-law, 
which  has  so  suddenly  overwhelmed  the  community  with  swarms 
of  great  and  little  monopolists  in  every  direction,  and  it  is  not  the 
least  part  of*the  swarm  which  has  settled  down  upon  that  oppro- 
brium of  engineering,  the  smoke  nuisance.  On  this  subject  every 
smatterer  on  science  has  a  theory  of  his  own  to  uphold.  Nearly 
every  ironmonger  is  now  a  patent-furnacemonger,  and  any  gas- 

263 
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fitter  is  ready  to  fit  \is  with  his  patent  apparatus  for  ''consumiiig 
smoke."  Advertising  quacks;  whose  business  is  puffing,  are  ready 
to  subdue  smoke-pufik,  and  promise^  at  the  rate  of  20,  80,  and  40» 
or  any  other  per  centage,  in  saving  of  ftiel,  by  adopting  their 
several  nostrums,  each  guaranteed  by  himdreds  of  cut-and-dried 
testimonials.  Audacity  in  this  matter  is  far  from  being  confined 
to  the  needy  pretender,  but  stands  out  boldly  bedizened  in  the 
canonicals*  of  science.  The  style  adopted,  and  the  expedients 
resorted  to  by  these  smoke-doctors,  are  worthy  of  Dr,  Solomon, 
of  Balm-of-Gilead  notoriety,  or  of  any  other  of  that  band  of 
patriots  who  request  us  to  beware  of  counterfeits.  The  policy 
pursued  is  that  of  continual  reiteration  to  induce  a  belief  of  in- 
credible statements,  or  to  create  faith  in  such  respectability  as  at 
least  possession  of  money  may  give.  This  we  see  daily  in  glaring 
sign-board  announcements.  Indeed,  some  of  the  most  conspicuous 
and  wealthy  of  those  worthies  are  known  to  have  competed  at 
public  meetings  in  the  provinces,  in  extravagance  of  pretension^ 
bidding  against  each  other  for  public  favor,  by  promising  a  saving 
of  50  and  60  per  cent.l  Of  the  honesty  or  dishonesty  of  such 
representations,  it  is  needless  to  speak;  but  I  must  state  em- 
phatically that,  having  closely  attended  to  every  experiment  of 
consequence  in  smoke-burning  for  a  series  of  years,  I  have  never 
yet  found  evidence  of  a  saving  of  even  five  per  cent,  by  any  plan  of 
preventing  or  consuming  smoke,  however  "perfect.'^  And,  further, 
I  have  found  the  more  perfect  the  consumption  was  of  smoke,  the 
less  was  the  saving  of  fiiel ;  or,  more  properly  speaking,  a  greater 
consumption  of  fuel  is  required  in  raising  a  maximum  quantity  of 
pteam  yrom  the  same  boiler  in  the  same  time,  when  the  smoke  is 
entirely  prevented,  than  is  the  case  when  smoke  prevention  is  not 
attempted  at  all.  In  short,  perfect  combustion  is  not  perfect 
ecoTwmy  in  practice,  but  far  from  it. 

That  I  have  long  been  convinced  of  the  ftitility  of  smoke-oon- 
•  suming  furnaces  as  a  measure  of  economy,  although  I  have  had,  and 
have  still,  the  strongest  inducements  of  self-interest  to  endeavor  to 
thiiik  otherwise,  will  be  evident,  if  I  transcribe  a  passage  from 
a  work  published  by  me  nearly  twenty  years  ago,  parts  of  which 
had  been  some  years  previously  drawn  up  in  the  shape  of  reports 
at  the  request  of  various  cotton,  and  other  manufacturers,  in  Lan- 
cashire.   The  work  was  printed  by  desire  of  those  gentlemen  in 
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1887,  and  a  second  edition  was  pnblished  in  Mancliester  in  1888  ;* 
and  as  it  has  lone  been  out  of  print,  and  as  it  still  expresses  my 
yiews  upon  this  subject,  I  believe  that  no  apology  is  necessary  for 
the  introduction  of  the  following  quotation : 

"  BMOKK-BURNIKO  FURNACES. 

''In  nothing  has  the  philosophical  manuGacturer  or  amateur  me* 
chanic  been  so  much  at  variance  with  facts,  and  the  experience  of 
practical  men,  as  on  the  subject  of  smoke-burning.  It  is  perfectly 
true  that  the  black  carbonaceous  matter,  which  usually  escapes 
along  with  the  incombustible  gases,  and  which  is  the  only  visible 
constituent  of  what  we  term  smoke,  is  all  so  much  Aiel ;  and  when 
properly  consumed  imder  the  boiler  is  undoubtedly  a  saving  of 
ooal;  but  it  unfortunately  happens  that  the  saving  is  so  inappre- 
ciably small  that  none  who  have  tried  it  fidrly  have  been  able  to 
calculate  exactly  its  amount,  except  when  it  has  taken  the  negative 
form,  which  it  has  most  frequently.  It  is  not  my  intention  to  speak 
disrespectfully  of  *any  of  those  who  have  proposed  to  save  fuel  by 
burning,  or  'consuming  smoke  by  combustion,''  as  they  usually  prefer 
to  term  it ;  for  they  have  generally,  if  not  universally,  deceived 
themselves  before  they  led  others  astray,  as  the  hundreds  of  patents 
for  that  purpose,  and  the  hundreds  of  thousands  of  pounds  expended 
over  them,  amply  testify.  Patent  inventors,,  indeed,  of  improved 
fomaces  for  'saving  fuel  by  consuming  smoke,'  deserve  no  small 
share  of  public  gratitude,  from  the  many  opportunities  they  have 
given  us  of  ascertaining  by  experiment  a  great  niimber  of  practical 
data,  and  useful  results,  which  are  now  available  for  other  more 
important  improvements." 

The  pursuit  of  "smoke-burning,"  in  fact,  has  been  the  philosopher's 
sUme  of  the  present  century.  Speculative  and  practical  chemists  of 
the  brightest  intellects  have  dabbled  in  it ;  such  men  as  Bumford, 
Watt,  Dalton,  and  Henry,  were  believers  in  its  economy.  I  cannot 
speak  as  to  Davy,  but  it  is  thought  that  the  predilections  of  the* 
great  living  German  chemist,  who  has  done  so  much  for  tlie  brew* 
ing-trade  of  Ehgland,  lie  that  way ;  at  least  his  foremost  disciples 

*  A  Practical  Ess^y  on  Steam-Engine  Boilers,  as  now  used  in  the  manufac* 
taring'district  around  Manchester.    By  Robert  Armstrong,  C.E. 
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in  this  countrf  hold  to  the  yet  popular  doctrine  that  sixty  or  sevenig 
per  cent,  of  the  fuel  id  to  be  aared  by  buniing  the  invisible  car* 
boniC'Oxide  gae,  which  now  escaped  from  oxer  iron  ftimaoes  in 
Staffordshire. 

On  this  subject  I  can  speak  with  the  more  confidence  from  hav* 
ing  had  a  good  deal  of  practice  in  directing  the  application  of 
variotLs  patent  and  other  apparatus  and  methods  devised  to  enable 
furnaces  to  consume  their  own  smoke  in  .different  parts  of  this 
country,  as  well  as  in  the  planning  and  erection  of  boilers  and 
flumaces  generally  in  the  ordinary  way.    Up  to  the  passing  of 
Michael  Angelo  Taylor's  Act^  nearly  thirty  years  ago^  which  made 
smoke  prevention  in  some  measure  compulsory,  little  or  nothing 
had  been  done  in  the  north  of  England  except  on  the  double*- 
fumace  system  of  Mr.  Losh,  of  Newcastle-on-Tyne^  patented  in 
1815.    It  was  more,  successful  with  chemical  stoves,  salt-pans,  and 
sUp-kilns  in  potteries,  than  with  engine  boilers.    When  applied  to 
the  latter,  it  was  objected  to  on  the  ground  that  it  required  a  larger 
Imler  to  do  the  tame  work,  as  well  as  two  fires  to.do  the  work  of  one. 
I  endeavored  to  iiitroduce  it  into  Lancashire  in  1827,  but  did  not 
succeed  until  some  years  after  the  patent  had  expired,  when  tho 
above  objection  was  found  to  be  untenable.    The  laige  boiler 
proved  to  be  a  great  advantage,  and  alternate  firing  was  very 
economical,  independent  of  its  convenience  for  consuming  smoke. 
My  mode  of  applying  it  was  to  place  simply  a  wall  of  fire-bride 
longitudinally  upon  the  fire-grate,  nearly  the  whole  length  from  the 
bridge  to  the  dead-plate ;  but  so  that  both  sides  could  be  charged 
through  one  fire-door.    This  method  was  used  in  Manchester  in  a 
boiler^  employed  to  drive  a  40-horse  engine^  at  the  Store  Street 
Cotton  MiU,  belonging  to  Mr.  Wm.  Jones.    And  I  afterwards 
erected  similar  divided  Airnaces  at  the  Worsley  Flour  Hills,  be- 
longing to  the  Earl  of  EUesmere,  and  at  several  other  places,  with 
flome  improYements,  which  consisted  mainly  in  restricting  the 
mid-feather  wall  to  one-half  the  length  of  the  grate,  and  making 
'the  fire-bars  at  the  finont  of  the  grate  thinner,  and  with  wider 
spaces,  titan  at  the  back.    The  air  was  generally  let  in  throt^h 
the  sides  of  the  frimace  at  about  half  the  length  of  the  grate ; 
but  at  Mr.  Jones's,  where  there  was  a  good  chimney,  it  was  ad- 
mitted by  setting  the  fire-door  ajar  one  and  a  half  to  two  inches, 
for  two  or  three  minutes  after  each  firing.    In  cases  where  the 
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dyimnej  was  low,  or  had  a  bad  diaaglit  from  other  caxieeB,  the 
supplenientarj  air  was  forced  in  oyer  the  fire  by  means  of  a  snail 
rotary  &n ;  and  where  convenienty  thia  air  wag  in  a  highly  heated 
0tate^  say  at  400  or  600  degrees.  In  this  manner,  this  species  of 
famaoe  was  worked  at  the  above  flonr^mll,  continnoiisly,  with 
great  satiafiustion  and  economy,  driving  a  common  low-pressure 
engine  working  six  pairs  of  fbor-feet  stones^  and  other  machinery, 
with  about  6  lbs.  of  inferior  coal  per  indicated  horse-power  per 
hoar.  The  proportion  of  the  power  required  by  tbe  blowing-&]i 
was  only  about  half  a  horse-power.  To  show  the  great  advantagis 
of  either  a  good  drafts  or  artificial  blasts  in  all  cases  of  smoke-con* 
sumption,  it  is  proper  to  state  here  that  Williams's  patent  system  was 
previously  tried  at  the  same  boiler  with  the  same  fire-grate  are% 
without  enabling  the  «;igine  to  work  half  the  above  load;*  while 
the  same  system  implied  by  the  same  parties  to  another  small 
^igine  on  the  same  estate^  with  a  very  hfty  chiiwneyy  was  moderately 
euooessfiil. 

The  smoke  from  the  ehimney  of  Worsley  Mill,  when  in  fuH 
work,  was  perfectly  invisibb,  with  the  exception  of  a  slight  vapor 
during  the  time  that  the  fir^oor  was  allowed  to  remain  open,  but 
no  longer. 

The  situation  of  this  flour«miIl,— a  picturesque  spot,  about  half 
a  mile  in  front  of  Worsley  Hall,^-^was  such  that  the  mill  was 
nearly  hidden  from  view  at  that  mansion,  and  its  existence  would 
have  been  unobserved  exoept  for  the  smoke  which  rose  above  the 
trees,  before  the  improvement  was  applied.  When  the  smoke  was 
prevented,  the  circumstance  accidentally  coming  to  the  knowledge 
of  the  Earl  of  Carlisle,  when  on  a  visit  at  Worsley,  he  took  the 
opportunity  of  convincing  himself  of  the  fSacts  as  above  related, 
and  on  their  being  reported  to  the  Earl  of  EUenborough,  then  first 
Lord  of  the  Admiralty,  that  nobleman  at  once  ordered  a  similar 
apparatus  to  be  erected  at  Chatham  Dock-yard.  The  apparatus 
was  accordingly  applied  by  me  to  two  20-l:orse  boilers  at  the  lead- 
mill  there^  for  which  purpose  I  planned  the  furnaces  as  nearly  as 
iKMsible  a  copy  of  those  at  Worsley,  and  the  results  were  very 
nearly  the  same.  The  chimney  stood  right  opposite  the  windows 
of  one  of  the  royal  hospitals,  to  which  the  smoke  had  previously 
been  a  great  nxiisance ;  but^  after  six  months'  trial  of  the  new  plan, 
the  chief  physician  of  that  establishment  reported  to  the  Admiral^ 
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the  entire  removal  of  the  nuisance,  and  th$tt  the  health  of  the  in-' 
mates  had  been  greatly  improved  in  consequence.  This  Beport 
was  published  in  the  "  Health  of  Towns  Gazette,"  in  1849.  And, 
as  I  have  just  been  informed  by  the  Superintending  Engineer  of 
the  Dock-yard^  the  apparatus  has  continued  to  work  uninterruptedly 
to  the  present  time  (1856)  with  uniform  success.* 

About  the  same  time  several  other  double  or  divided  fire-grate 
furnaces  were  erected,  by  other  parties^  at  the  cotton-works  of  Mr. 
John  Paley,  and  at  other  places,  in  Preston.  These  were  more 
nearly  on  Mr.  Losh's  original  principle,  having  two  separate  fire- 
doors  and  two  ash-pits. 

Mr.  Howard,  Mr.  Thomas  Hall,  and  a  great  number  of  other 
parties,  have  introduced  various  modifications  of  double  furnaces 
since  the  date  of  Mr.  Losh's  patent,  and  more  or  less  successfully. 
The  last  modification  of  the  kind  I  have  seen,  was  erected  at  a 
small  boiler  in  the  Royal  Arsenal,  Woolwich,  by  Messrs.  Abemethy 
and  Co.,  Engineers,  of  Aberdeen,  in  1856.  The  peculiarity  of  this 
plan  consists  in  a  jet  of  fresh  air  from  a  pipe  on  each  side  of  the 
fiimace  being  admitted  alternately,  to  correspond  with  the  alter- 
nate firings  by  which  the  smoke  from  the  newly-fired  frmiace  is 
driven  laterally,  or  horizontally,  against  the  bright  fire  and  flame 
of  the  other.  This  is  the  principle  of  admitting  air  patented  by 
Mr.  Spibey,  of  Nottingham,  several  years  ago,  and  extensively  ap- 
plied by  him  to  single  famaces ;  and  by  this  mode  of  procedure 
the  injury  to  boiler  bottoms  from  cold  air  rising  upwards  against 
them,  at  or  beyond  the  bridge,  is  likely  to  be  avoided.    I  pass 

*  In  1839,  I  introduced  the  doable-furnace  system  into  a  steamer,  "  the 
William  Fawcett/'  belonging  to  the  Peninsular  Steam-Company,  and  she  con- 
tinued to  ply  with  the  furnaces  thus  altered  until  new  boilers  were,  I  believe, 
introduced  a  considerable  time  afterwards.  The  arrangement  of  these  furnaces 
differed  somewhat  from  Losh's  plan.  Each  furnace  had  a  damper  behind  the 
bridge,  which  could  be  shut  when  required,  and  the  smoke  produced  in  that 
furnace  had  then  to  descend  through  a  suitable  passage,  into  the  ash-pit  of 
the  adjoining  fhmace,  which,  by  this  time,  had  burned  bright,  and  ascending 
through  the  fire,  mixing  with  atmospheric  air,  it  was  completely  consumed. 
To  muntain  the  necessary  draught  an  ezhiusting-fan  was  applied  to  tlie 
chimney.  I  simultaneously  introduced  other  improvements  which  very  mnch 
lessened  the  consumption  of  steam,  so  that,  although  the  boiler  was  less 
powerful  thayg  before,  it  was  still  equal  to  its  work,  as  smaller  demands  were 
made  upon  it.  /  J.  B. 
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owr  a  great  many  other  plans  of  double  fires,  suqIi  as  Galloway's^ 
Bose's,  Fairbairn's,  Ormrod's,  Hick's,  Bristow  and  Atwood's,  and 
others,  as  the  principle  of  the  whole  is  nearly  the  same,  and  it 
would  occupy  too  much  space  to  enter  into  the  details. 

After  Mr^  Losh's  double-furnace  principle,  the  next  smokeless 
fttmaoes  that  came  ijito  public  favor  were  those  of  "Wakefield, 
Parkes,  Brunton,  and  Stanley.  The  two  latter  being  accompanied 
by,  or  mainly  consisting  o?  fire-feeding  machinery,  which  was 
necessarily  expensive,  came  slowly  into  use,  but  they  were  both 
perfectly  well  established  previous  to  the  year  1827 ;  and  the  only 
reason  they  are  not  now  more  frequently  met  with  is,  ]^at  they  are 
not  well  adapted  to  boilers  with  internal  furnaces.  The  two  former 
plans,  consisting  principally  of  alterations  in  the  brickwork,  came 
more  rapidly  into  use  in  Lancashire.  The  smoke-consuming  fur- 
naces of  Mr.  John  Wakefield,  I  believe,  had  the  precedence  of  the 
other,  in  point  of  time,  as  I  had  some  pulled  down  which  had  been 
erected  by  him  at  the  cotton-mill  of  Messrs.  Clogg  and  Norris,  in 
Long  Millgate,  previous  to  1818,  and  which  I  re-constructed  with 
my  own  improvements  in  1830.  About  the-  same  time,  several 
were  taken  down  at  Thos.  Hoyle  and  Sons'  print-works,  Mayfield, 
and  other  places,  whibh  had  been  a  much  longer  time  in  use.  In 
fiwt,  Mr.  Wakefield  used  to  complain  to  me  how  Mr,  Farkes, 
"having  come  after  him,  stole  his  ideas"  of  the  split-bridge  and 
air- valve  at  the  back  of  the  ash-pit.  However  this  might  be,  it  is 
certain  that  Parkes's  system  became  by  far  the  most  popular ;  a 
great  number  of  ftirnaces  being  erected  by  him  all  over  the  coun- 
try, firom  1820  to  1825,  after  wfiich  they  were  erected  by  him 
extensively  in  Prance.  In  the  mean  time,  however,  though  the  plana 
of  Wakefield  and  Parkes  were  originally  similar,  they  soon  grew 
widely  different.  Wakefield  persevered  with  thin  and  frequent 
firing,  thin  and  scientifically  constructed  fire-bars,  well-arranged 
tools,  perforated  fire-bricks  for  heating  and  diffusing  the  air,  like 
Williams's,  and  pigeon-hole  bridges ;  he  also  paid  very  great  atten- 
tion to  the  fireman's  art,  and  he  only  failed,  as  he  had  said,  froni 
want  of  it  at  last.  On  the  other  hand,  Parkes's  system  was  carried 
on  by  him  to  the  ^^nt  of  enlarging  and  deepening  the  furnaces, 
so  as  to  hold  upwards  of  a  ton  of  coal  at  a  time.  This  quantity 
was  usually  introduced  into  the  furnace  during  the  first  two  hours 
in  a  moming,  beginning  rather  thin  near  the  bridge,  and,  as  it 
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became  ignited,  ^graduall  j  increasing  the  tliickneas  of  the  charge 
TUitil  within  two  feet  of  the  fire-door,  where  the  coal  was  filled 
quite  up  to  the  boiler  bottosxt  When  arrired  at  this  stage,  the 
combustion  was  eutirelj  that  of  the  gas  from  the  raw  coaL  The 
iurfaoe  of  the  fire  thea  formed  an  inclined-plane  towards  the 
bridge^  and  ae  the  supply  of  air  through  the  bars  was  ihns  cut  ol^ 
the  combustion  was  kept  up  entirely  by  the  air  through  the  air- 
valve  at  the  back  of  the  ash-pit.  and  the  split-bridge,  which  last  was 
much  wider  than  Wakefield  made  it,  being  commonly  three  oP 
£[>ur  inchec^  or  more.  During  the  first  three  or  four  hours  of  the 
day,  the  air-j^alye  was  gradually  closed  by  the  fireman^  by  which 
time  the  diminished  quantity  of  fuel  in  front  of  the  bridge  allowed 
sufficient  air  to  pass  through  in  that  way.  The  air- valve  was  then 
shut  up,  and  not  opened  again  during  the  day.  The  proper  actaom 
of  the  fire  was^  after  thi^  entirely  dependent  upon  the  proper 
management  of  the  dampers,  and  in  the  middle  of  the  day  the 
steam  was  regulated  by  the  admission  of  less  or  more  feed- water 
to  the  boilers. 

The  above  is  a  progr^nme  of  the  mode  of  proceeding  with 
ParkesV  system  at  the  cotton  works  of  Mr.  John  Pooley,  of 
Hulme,  where  I  had  most  experience  with  it>  thirty  years  ago ; 
and  it  is  very  nearly  the  same  as  the  mode  carried  out  at  the  works 
of  Messrs.  Horrockses  Miller  and.  Co.,  of  Preston^  up  to  within  the 
last  few  years. 

There  is  no  doubt  that  considerable  eccmomy  was  obtained  by 
this  plan,  when  veary  carefully  managed,  with  very  low  pressure 
steam  and  very  large  boilers,  even  to  the  extent  of  getting  an 
evaporsJaon  of  7  to  8  lbs.  of  water  to  1  lb.  of  Lancashire  coal ;  but 
it  was  too  unwieldy  and  cumbrous  a  system  to  contiime  in  use 
more  than  a  few  years,  excepting  at  the  last-mentioned  plaoe, 
where  qpecial  provisions  were  made  to  suit  it 

It  is  not  my  business,  however,  in  this  place,  to  write  the  past 
history  of  smoke-burning,  so  much  as  to  describe  what  is  doing  at 
the  present  time  in  that  direction.  With  this  view,  I  here  insert 
a  \mei  description  of  a  new  form  of  fire-bax  and  furnace-grate, 
which  I  have  had  in  operation  for  some  tim^  past^  at  difierent 
places,  with  very  satisSaxstory  results..  And  I  expect  to  be  able  to 
present  a  more  detailed  account  of  the  arrangements,  acoompamed 
by  proper  drawings  of  this  and  other  plam  of  recent  eonstructiont 
in  Mr.  Bourne's  forthcoming  work  on  the  steam-engine. 
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UmVKBSAL   "ABQAND"   nBB-QBATB. 

Like  all  other  ihrtuoea- which  Inim,  preren^  or  eonsnme  tbedr 
own  smoke  -hy  an  improred  oombaslion  of  the  gaseous  portion  of 
the  fuel,  the  principle  of  this  one  depends  on  the  admission  of  a 
sufficient  qoautity  of  fresh  air  to  ihe  sntokj  fEiune  of  bitmninoua 
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coal,  as  Tell  as  to  the  catbonio-ozide  gas  produced  by  a  thick  fire 
of  cokt^  or  from  Welsh  coal  or  other  aon-bituminous  iUel ;  but  it 
diSera  from  all  others  in  the  place  of  such  admission.  I  do  not 
admit  this  fresh  air  at  the  bridge,  although,  by  that  mode,  the 
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disappearance  of  the  smoke  is  usually  the  most  perfect,  because, 
when  so  admitted,  it  operates  as  a  serious  check  to  the  draughty 
and  lessens  the  power  of  the  furnace.  Neither  is  the  air  admitted 
at  or  about  the  fire-door,  because,  when  so  admitted,  it  has  a  ten- 
dency to  be  drawn  between  the  fire  and  the  bottom  of  the  boiler, 
thereby  cooling  a  larger  portion  of  the  fomace,  and  diminishing 
the  economy  of  the  fuel.  .  The  necessary  supply  of  fresh  air  to 
the  interior  of  the  frimace  is  admitted,  in  this  Aimace,  at  an  inter- 
mediate position  between  the  fire-door  and  bridge ;  or,  in  fiEict, 
it  is  admitted  between  the  front  end  and  the  middle  of  the  fire- 
grate. 

This  inlet  aperture  for  the  air  I  make  through  a  hollow  or 
double  bearing-bar  between  the  first  and  second  of  two  or  more 
lengths  of  fire-bars ;  and  being  thus  surrounded  on  all  sides  hf 
the  fire  and.  flame,  as  in  the  Argand  lamp,  it  might  be  called  the 
"  Argand  fire-grate,"  or  fiimace. 

The  constituent  bars  of  each  series  of  fire-bars  are  of  different 
thicknesses,  the  thickest  being  placed  at  the  back  for  slow,  and  the 
thinnest  in  front  for  quick,'OT  ordinary  combustion, — the  thin  bars 
having  also  the  Widest  spa*ces  between  them. 

In  supplying  this  furnace  with  bituminous  coal,  it  must  be 
charged  thick  on  the  back  of  the  grate,  until  the  coal  reaches 
nearly  or  quite  up  to  the  top  of  the  bridge,  gradually  sloping  for- 
ward to  the  margin  of  the  air-space ;  while  on  the  thin  or  front 
bars  only  it  is  fired  in  the  ordinary  way. 

No  complicated  apparatus  of  any  kind  is  required  to  be  attended 
to,  and  no  additional  tools  are  wanted  beyond  a  ''slice"  with  a 
blade  a  foot  long,  bent  flatways,  at  right-angles,  for  .clearing  away 
obstructions  in  the  air-space.  For  greater  facility  in  doing  this,  a 
modification  of  the  old-fashioned  "stoking-bar"  is  sometimes  placed 
across  the  ash-pit,  exactly  under  the  double  bearing-bar,  but  made 
in  the  form  of  a  flat  plate,  and  with  a  raised  ledge  to  serve  as  a 
guide  to  the  tool.*  No  great  degree  of  care  is  requisite  for  pre- 
venting smoke  in  this  furnace.  It  is  only  necessary  to  throw  the 
coal  boldly  in, — principally  towards  the  farther  end  of  the  grate, 

■     II  — ^^   ■■■■  ■■llll..  I  I  ■!  .II.! 

*  My  improved  ptcker-bar  or  "  stoking-plate,"  above  mentiooed,  is  in  the 
case  of  a  bad  draaght  mtide  to  turn  on  gudgeons,  at  the  sides  of  the  asb*pit,  by 
means  of  a  bolUcrank  and  rod,  so  as  to  check  or  regniate  the  inflox  of  air' 
through  the  doable-bearing  bar,  if  at  any  time  required. 
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as  a  man  woiild  fill  a  cart  or  i^  barrow, — ^and  plenty  of  it,  dosing 
the  fire-door  in  as  short  a  time  as  possible,  and  the  smoke  will  be 
found,  to  be  no  darker  than  from  a  common  house-fire,  provided 
the  air-space  be  opened  occasionally  with  tHe  slice  above  men* 
tioned.  K  the  chimney  be  sufficiently  large,  which  is  by  far  the 
most  important  condition,  the  smoke  may  thus  be  made  nearly 
transparent)  and,  if  desirable,  can  be  rendered  entirely  so  by  put* 
ting  a  little  damp  coal  on  the  front  part  of  the  fire  and  taking 
pains  to  clear  out  the  air-space  after  each  firing. 

The  above  is  a  recipe  tor  constructing  a  smokeless  steam-engina 
furnace,  than  which  it  is  perhaps  impossible  to  imagine  a  cheaper 
or  simpler  arrangement.  But  it  is  necessary  again  to  caution 
those  who  would  adopt  it,  or  any  other  plan  of  smoke-prevention 
by  hand  firing,  that  the  total  area  of  fire-grate  should  be  at  the 
same  tilne  increased  by  20  or  SO  per  cent,  beyond  what  is  usually 
considered  necessary  with  the  common  smoky  frimace  and  ordi- 
nary stoking.  And  besides  this,  there  must  be  always  a  surplus 
of  chimney  power  at  command,  by  means  of  the  usual  counter- 
balance weight  to  the  damper,  suspended  in  the  stoke-hole  within 
easy  reach  of  the  fireman's  hand  while  engaged  in  charging  the 
furnace.  Without  those  two  provisions,  especially  the  first,  times 
will  occur,  in  the  case  of  sudden  demands  of  an  engine  with  a 
variable  load,  for  steam,  when  the  influx  of  air  must  be  controlled, 
otherwise  the  engine  may  go  slow,  or  stop,  and  smoke  of  greater 
or  less  capacity  will  at  such  times  issue.  In  the  event  of  the  en*  ' 
gine  going  slow  from  the  above  or  any  other  temporary  cause,  just 
after  a  charge  of  coal  has  been  put  into  the  frimace,  then  it  is  that 
the  fireman  finds  a  resort  to  the  damper  most  valuable.  Wheii 
the  draught  is  strong,  a  slight  touch  of  the  damper  so  as  to  in- 
crease the  escaping  area,  will  commonly  be  sufficient  to  prevent 
the  engine  from  stopping,  or  will  enable  it  to  recover  its  speed. 
In  order  to  estimate  the  value  of  a  large  fire-grate  area  and  sur- 
plus draught,  it  is  only  necessary  to  consider  what  would  be  tbe 
effibct)  under  the  same  circumstances,  with  a  confined  fire-grate  and 
the  damper  already  wide  open.  There  is  then,  of  course,  no  re- 
source left  but  stirring  the  fir^  and  consequently  stirring-up  a 
smoke  at  the  same  time  * 

^  ■  ..ia»ii  I  »■■■  I  ■..■!  ^— ^  I    ■  r  „^.^^ 

*  A  quick  draught  is  in  one  respect  tantamoant  to  a  large  fire-grate  areai 
Kioce  it  equally  euables  mors  coal  to  be  burned  in  a  given  time,  and  thiia  in- 
18 
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#  Having  shown  how  easy  it  is,  with  a  proper  arrangement  of  the 
fiirnaoe  bars,  to  avoid  smoke,  it  will  be  useful  to  show  how,  with 
improper  arrangements,  it  is  also  very  easy  to  do  a  great  deal  of 
harm  to  the  boilers,  however  perfectly  the  smoke  may  be  consumed 
or  prevented. 

That  injury  to  boilers  and  danger  from  explosions  is  to  be  ap» 
prehended  froin  any  system  of  preventing  smoke  in  which  a  cur- 
rent of  cold  air  is  directed  against  the  boiler  bottom,  is  no  longer  a 
mere  opinion,  but  a  fact  which  cannot  be  gainsaid.  This  will  ap- 
pear sufficiently  plain  to  any  one  who  will  attentively  read  the 
following  copy  of  a  report  of  an  examination  I  made  of  a  case  of 
the  kind  in  Manchester  several  years  ago. 

COPY  OP  A  BKPORT  ON  WILLIAMS'S  PATKNT  SMOKB-BtmNING 

FUBNACB. 

To  Messrs.  Hiamnett  A  Oo.,  Cahnderers,  Wailing  Street^  Manchester, 

Geittlembn: — ^In  accordance  with  your  request,  I  have  careMly 
examined  into  the  circumstances  attending  the  injury  sustained 
by  your  steam-engine  boiler,  during  the  three-diiys'  trial  of  Mr. 
Williams's  patent  smoke-consuming  furnace,  and  have  to  report 
thereon  as  follows : — 

Some  of  the  plates  in  the  boiler  bottom  behind  the  bridge  ap- 
pear to  have  been  exposed  to  a  considerable  degree  of  expansion 
and  contraction  alternately,  arising  from  frequent  alternations  of 
temperature,  by  which  means  the  rivets  have  been  dragged  suo* 
cessively  in  opposite  directions,  until  they  have  become  loosened 
in  the  rivet-holes,  and  the  boiler  has  become  leaky.* 

orAases  the  power  of  the  boiler  in  generating  steam.  A  qnick  draaght,  how- 
ever, has  this  farther  advantage, — that  inasmach  as  the  temperatare  of  the 
furnace  is  higher  when  the  same  quantity  of  heat  is  generated  in  a  small  space 
than  what  it  will  be  when  generated  in  a  large  space,  the  heat  is  transmitted 
much  more  rapidly  to  the  water  of  the  boiler  in  the  case  of  the  strong  draaght, 
by  reason  of  the  higher  temperatare  in  that  case  obtaining.  As,  therefore, 
there  is  more  heat  transmitted  in  the  region  of  the  furnace  in  the  case  of  the 
etrong  draught,  there  will  be  less  remaining  to  be  transmitted  in  the  region 
of  the  flues.  In  other  words,  the  fines  will  have  less  work  to  do,  and 
they  may  Sither  be  made  shorter,  or  the  heat  will  be  more  thoroughly  ab- 
sorbed.—J.  B. 
*  See  illustrations  of  similar  effects  in  figures  97  and  99,  Qhap.  XXYII. 
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One  plate  is  alao  whsA  is  usually  palled  "burnt  out;**  which  is 
what  generally  happens  when  one  side  of  an  iron  plate  is  frequently 
aod  suddenly  heated  and  cooled,  whi^e  the  other  side,  from  its  con- 
tact with  the  water  in  the  boileif,  is  kept  at  a  moderately  uniform 
temperature.  In  this  case,  also,  owin^  to  the  necessarily  laminated 
structure  of  wrought  iron,  combined  with  the  heating  and  cooling 
process  above  described,  "a  blister"  hafc  arisen  in  one  of  the  plates, 
aid  this  blister  has  been  the  immediate  cause  of  the  giving  way 
of  the  boiler,  by  so  &r  weakening  it  as  to  allow  the  pressure  of  the 
eteam  and  water  to  force  down  the  plate  in  that  particular  place.  . 

The  main  cause  of  the  above  results  is  clearly  to  be  traced  to  the 
imperfect  construction  of  the  furnace,  inasmuch  as  the  passage  for 
the  admission  of  fresh  air  to  the  flame  behind  the  bridge  is  unpro- 
vided with  a  valve  or  other  means  of  regulating  the  quantity  of  air 
so  admitted,  or  the  time  of  its  admission,  within  the  reach  of  Jhe 
engi^gBr  whilst  engaged  in  firing  the  boiler. 

To  enable  me  to  explain  this  point  more  ftiUy  to  your  satisfac- 
tion, I  may  state  that  this  mode  of  preventing,  or  (as  it  is  most 
eommonly  called)  **  burning^  llie  smoke,  by  admitting  atmospheric 
air  at  or  behind  the  bridge  of  the  furnace,  has  been  long  known, 
and  frequently  practised  in  Manchester  since  it  was  first  generally 
introduced  here  by  Mr.  John  Wakefield  more  than  twenty  years 
ago.  This  gentleman  also  practised  the  method  of  diffusing  the  air 
through  several  small  apertures  inside  the  furnace  chamber,  in  the 
same  manner  as  Mr.  Williams.  But  in  all  Mr.  Wakefield's  fiimaces, 
as  well  as  those  of  Mr.  Farkes>  that  I  ever  saw,  the  passage  through 
which  the  air  was  allowed  to  communicate  with  those  apertures 
was  supplied  with  a  regulating  valve  for  the  purpose  of  admitting 
ihe  proper  quaiitity  of  air,  suitable  to  the  varying  state  of  the  fire, 
or  to  shut  it  off  at  the  discretion  of  the  engineer  or  fireman.  And 
the  uniform  practice  of  all  operative  engineers  has  always  been, 
when  no  flame  was  passing  from  the  fire,  and  consequently  no 
smoke  being  made,  to  shut  the  air  off  entirely. 

In  your  case,  however,  the  Jfiimace  is  so  arranged  that  a  con- 
stant stream  of  cold  air  is.  uniformly  rushing  into  the  main-fiimace 
chamber  or  flame-bed  of  the  boiler  <U  all  times,  and  whether  there 
is  a  flame  passing  over  the  bridge  or  not* 

*  I  un  alrare  that  the  prodnction  of  the  inyisible  carbonic-oxide  g^  from  a   < 
ihiek  coked  lire,  may  sometimes  create  a  demand  for  air  when  no  black  smoke 
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The  certain  and  ineyitab^  consequences  of  tliis  state  of  things 
tte,  that  every  time  the  fre^  coal  is  thrown  on  tlie  fire,  and  a 
flame  is  produced  sufficient  t^  reach  through  the  throat  of  the  fbi- 
nacC;  the  cu^ent  of  fresh  air passing  directly  into  [or  against]  the 
flame  from  helow,^  drijves  t)ie  latter  right  up  against  the  boiler 
bottcnn  in  the  manner  of  a^blow-pipe,  causing  it  to  impinge  with 
peculiar  intensity  against  l^at  portion  of  the  boiler  bottom  inrnie* 
diately.  exposed  in  the  direction-  of  the  blast.  On  the  other  haiid, 
as  soon  as  the  fire  on  the  grate  has  burned  bright^  and  the  fafM 
cfpes  not  extend  over  the  bridge,  the  cold  air  striking  against  th6 
same  part  of  the  boiler  bottom,  which  had  just  before  been  so  un- 
duly expanded  by  intense  heat,  a  sudden  contraction  of  the  metal 
necessarily  ensues,  besides  a  great  waste  of  fuel,  and  difficulty  in 
keeping  up  the  steam. 

jl  have  long  paid  great  attention  to  the  operation  of  smoke-bum- 
ing  fomaces  generally,  and  more  particularly  to  those  constructed 
on  the  principle  so  imperfectly  attempted  by  Mr.  Williams,  that 
is,  by  supplying  to  the  carbonaceous  products  evolved,  their  ftdl 
saturating  equivalents  of  oxygen  for  effecting  the  most  perfectly 
attainable  combustion  of  their  elements,  and  thereby  preventing 
smoke,  but  which  can  only  be  safely  effected  by  carefully  reguht- 
ing  the  admission  of  air  to  the  flame,  for  which,  in  Mr.  Williams's 
plan,  there  is  no  provision  made  whatever.  I  have  no  hesitation 
in  stating  that  the  result  of  my  experience  is  a  confirmed  opinion 
•gainstle  economy  of  the  pr^Ls;  being  convinced,  that,  i^ordi- 
nary  circumstances,  there  is  more  fuel  wasted  by  the  admission  of 
cold  air  to  the  boiler  bottom,  than  is  saved  by  the  most  perfect 


is  passing.    Bat  I  contend  that  sach  air  shoald  be  supplied  throngb  the  grate, 
and  not  behind  the  bridge,  unless  carefully  regulated. 

Hypercriticism  might  contend  that,  instead  of  a  ''stream  of  cold  air,**  it  would 
have  been  more  correct  to  say  streams  of  cold  air,  inasmuch  as  the  air  was  sup- 
plied through  a  perforated  plate  between  two  bridges,  which  did  not  form, 
strictly  speaking,  the  split  or  doMe  bridge  of  Parkes,  being  much  wider  apart. 
These  numerous  streams,  however,  united  and  became  one  stream  after  passing 
through  the  meshes  of  the  "Patent  Middle,"  which  riddle  grating  or  perforated 
plate  formed  the  special  claim  of  the  patent,  and  could  be  of  no  earthly  use, 
unless  indeed  it  had  been  used  for  heating  the  air.  That  purpose,  however, 
was  especially  disclaimed  in  the  patent,  and  the  air,  in  this  particular  ease, 
was  brought  in  a  separate  channel  at  a  distance  from  the  boiler  intentionally 
that  it  might  be  oM,  and  that  all  access  to  it  by  the  engiaeer  might  be  eat  off. 
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oonsiunptio#of  the  amoke.  This  conviction  has  been  forced  upoa 
me  by  a  careftd  and  unprejudiced  examination  of  a  great  maoj 
steam-engine  furnaces  erected  both  bj  c^jaelf  and  others^  including 
several  conatructed  by  Mr.  Williams  hii^self. 

I  may  take  the  liberty  of  concluding  ^hi^  report  with  a  caution 
which  I  harve  been  in  the  habit  of  giving  verbally  to  all  those  who 
have  occasionally  consulted  me  on  this  >9ubject  for  some  years 
past  It  is  that  I  have  reason  to  believe  that  many  ext^^vely 
&tal  explosions  of  steam-boilers,  not  otherwise  satismctorily 
aooounted  for,  have  arisen  from  similar  causes  to  those  detailed 
above^  namely,  frequent  and  sudden  alterations  of  temperature  at 
the  lower  part  of  the  boiler,  inducing  a  tendency  to  burst  down- 
wards, of  which  instances  are  constantly  occurring.  In  &cty  in 
the  case  of  your  own  boiler,  the  minor  explosion  it  has  expe^ 
rienced  may  be  considered  in  the  light  of  a  very  narrow  escape, 
for  if  the  blistered  plate  had  been  of  rather  a  better  quality  of 
iron,  so  as  to  have  held  out  a  few  days  longer,  or  until  one  or  two 
of  the  adjoining  already  injured  plates  had  become  nearly  as  weak 
as  itself,  in  all  probability  they  would  have  given  way  simultane- 
ously, and  produced  an  extensive  explosion,  the  effect  of  which  is 
usoally,  by  reaction,  to  force  the  boiler  upwards,  spmetimes  to  a 
considerable  height  through  the  supervening  buildings,  in  a  way 
that  has  too  frequently  created  an  enormous  destruction  of  Mfy 
and  property.  Bobsbt  Abmbtrokq* 

The  reason  for  giving,  perhaps,  undue  prominence  to  the  above 
letter  or  report^  is  that  it  was  not  orginally  pubUshed  by  me,— that 
is,  if  printing  and  giving  away  a  large  number  of  copies  may  be 
considered  as  such, — but  by  Mr.  Joseph  Williams,  of  Liverpool, 
then  (in  1841),  as  now,  well  known  as  the  proprietor  of  the  patent 
smoke-burning  furnace  of  his  brother-in-law  Mr.  Eurts,  a  scientific 
chemist  of  con^derable  eminence.  The  letter  itself  was  properly 
a  private  business  one,  which,  with  other  evidence,  was,  after 
revisal  by  me,  put  into  the  hands  of  the  solicitor  of  the  firm  of 
Hamnett  &  Oq.  for  legal  purposes.  Although  not  then  called  on 
to  justify  the  publication,  I  did  not  object  to  it,  because  Mr.  Joseph 
Williams  represented  to  me  the  injuiy  his  character  and  that  of 
his  patent — which  was  for  the  use  of  hot  air — ^might  sustain  in 
being  confounded  with  those  of  Mr.  Charles  Wye  Williams,  whose 
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patent  was  for  the  use  1^  cold  air,  owing  to  both  peAons  haying 
the  same  samame.*  Con^|equentIy  many  thousand  copies  of  the 
report  were  printed  and  circulated  by  Mr.  Joseph,  setting  forth  the 
distinctiye  appellations  09  himself  and  Mr.  (J harks  Wye  at  fiill 
length.  This  procedure  4ras  also  followed  by  Mr.  John  Chanter 
of  London,  the  propricjtor  of  numerous  smoke  patents,  publish- 
ing 'the  same  thing.  ^The  object  of  both  those  gentlemen  was 
probal^  the  same,  that  of  demolishing  the  business  of  a  rival 
patentee,  which;  there  is  no  doubt,  they  did  most  effectually ;  rais- 
ing, at  the  same  time,  some  rather  undignified  discussions  in  the 
public  press  on  their  various  claims  to  notoriety  in  saving  thirty^ 
forty,  and  fifty  per  cent  in  fueL  In  those  discussions,  exoept  in 
self-defence,  I  took  no  part,  having  no  pecuniary  interest  in  any 
smoke  patent,  nor  any  sympathy  whatever  with  any  of  the  com- 
batants. 

So  effectually  had  all  public  interest  died  out  in  the  above  dis- 
cussion, which  was  supposed,  as  usual,  by  many  to  be  settled  in 
favor  of  those  who  care  to  have  the  last  word,  that  I  did  not  think 
it  necessary  to  allude  to  the  subject  in  my  '' Budimentary  Treatise 
on  Steam-Boilers,"  in  1851.  The  subject  however,  has  been 
revived  by  the  Society  of  Arts  awarding  one  of  its  prize-medals 
for  an  essay  on  smoke-prevention,  among  others,  to  Mr.  C.  Wye 
Williams,  who  must  have  convinced  the  society  that,  "though 
beaten,  he  can  argue  still."  In  this  prize-essay  Mr.  Williams  has 
endeavored  to  revenge  his  former  discomfiture  by  an  onslaught  on 
the  whole  of  the  present  generation  of  patent  smoke-burners 
which  I  do  not  notice,  but  for  the  unfair  use  he  makes  of  the 
above  re^rt,— misquoting,  garbling,  and  perverting  it  in  every 
possible  way.f  Hence  the  obligation  I  am  under  in  giving  my 
report  at  fiill  length  as  above. 

Considering  that,  although  I  stand  sufficiently  absolved  from 
the  necessity  of  noticing  Mr.  Williams  any  ftirther,  there  are  one 
or  two  others  whose  practical  abilities  33  engineers  the  public  hold 

*  It  it  remarkable  that  foar  different  persons  of  the  name  of  WtUiams, 
Irish,  English,  Scotch,  and,  I  believe,  Welsh,  were  the  holders  of  smoke-pat- 
ents daring  the  same  year,— the  first  and  second  of  whom  only  we  now  refer  to. 

t  See  his  letter  on  the  smoke  nuisance  in  the  Engineer  newspaper,  for  May 
30th,  1856. 
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in  liigli  respect,  who  have  been  led  astray  in  this  matter  of  smoke- 
prevention,  but  who  can  have  no  interest  or  desire,  except  to  be 
set  right  as  to  fSsu^ts.  I  think  it  proper  here  to  narrate  the  results 
of  some  experiments  I  witnessed  upon  smoke-burning  in  184S, 
with  tlie  view  of  illustrating  some  of  the  points  then  under  con- 
troversy. This  information '  is  afforded  in  the  following  memor- 
andom: 


ACCOUNT  OP  KXPKBIMKNTS  CONDUOTBD  AT  THE  COTTON  PACTrORY 
OP  THOMAS  HOULDSWOBTH,  ESQ.,'  H.P.,  IS  HANCHESTEB,  IN  1843, 
IX  OBDSB  TO  DSOIDS  ON  THE  ECONOMY  OP  SHOKE-FBEYENTiaN. 

It  will  be  remembered  that  a  select  committee  of  the  House  of 
Commons  was  appointed  to  investigate  the  smoke-nuisance  ques- 
tion in  1848,  the  results  of  which  investigation  were  published  in 
a  blue  book  about  the  end  of  that  year ;  and  on  the  evidence  con- 
tained in  that  and  other  reports.  Parliament  afterwards  proceeded 
to  pass  several  new  laws  on  the  subject — a  very  proper  thing  in 
Itself,  if  founded  upon  truth  instead  of  the  most  erroneous  state- 
ments to  the  effect  that  manu&cturers  would  be  greatly  benefited 
by  the  measure  in  the  saving  of  fiiel  thereby  insured. 

Among  other  questionable  evidence,  by  much  less  reputable 
parties,  published  in  this  blue  book,  was  a  statement  by  Mr.  EL 
Houldsworth,  supported  by  a  long  array  of  tables  and  diagrams, 
asserting  that,  ''by  an  admission  of  air  to  the  extent  required  to 
prevent  smoke,"  into  the  "  body"  of  a  steam-boiler  furnace,  "much 
additional  heat  is  produced,  more  steam  raised  from  the  same 
weight  of  coals,  and  more  water  evaporated  in  the  same  time." 
Particulars  of  four  experiments  are  detailed  in  order  to  show  that 
a  gain  of  thirty-five  and  thirty-six  per  cent,  was  "  made  by  admit- 
ting air  partly  at  the  door,  and  partly  at  the  bridge,  through  one* 
of  Mr.  C.  W.  "Williams's  difliision-boxes"  (or  patent  perforated 
plates).  Li  the  appendix  to  the  report  it  is  stated  that>  "in  each 
experiment  1840  lbs.  of  Knowles's  Clifton  coals  were  burnt ;  a 
free-burning  kind,  much  used  in  Manchester.  The  boiler  was  one 
of  Boulton  and  "Watt's,  twenty-four  horse  power,  wagon-shape." 

The  following  extract  is  from  Table  B.,  Appendix  No.  5,  page 
201,  referred  to  in  the  evidence  of  Henry  Houldsworth,  Esq. 
Yick  Q.  1100,  page  102,  July  27th,  1843. 
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*  The  first  effect  of  Mr.  Houldsworth's  published  statement  was 
the  industrious  propagation  by  some  of  the  Manchester  and  liver- 
pool  Journals,  of  the  fallacious  inference  that  85  or  86  per  cent 
in  ftiel  was  to  be  saved  by  smoke-buming  instead  of  25  per  cent 
only,  supposing  his  experimental  data  to  be  right.  That,  however, 
was  denied  by  many  manufacturers,  and  the  result  was  a  request 
to  Mr.  Houldsworth  to  repeat  any  of  his  experiments  likely  to 
show  them  so  very  desirable  a  result.  This,  after  some  prepara«> 
tion,  was  agreed  to,  and  I  was  appointed  by  the  firm  of  George 
Clarke  and  C!o.  as  their  consulting  engineer  to  witness  the  experi* 
ment,  and  was  also  retained  for  the  same  purpose  by  other  manu- 
fitcturers  who  felt  great  interest  in  the  subject 

These  trial  experiments  took  place  by  appointment  on  the  19th 
and  20th  December,  1848,  and  the  following  summary  of  the  re* 
suits,  After  undergoing  the  revision  of  Mr.  Billington,  who  super* 
intended  the  experiments  on  the  part  of  Mr.  Houldsworth,  and  a 
written  acknowledgment  of  the  latter  gentleman  to  their  correct- 
ness, was  transmitted  by  me  to  Messrs.  Clark  and  Co.,  and  other 
firms  interested  in  the  matter,  also  to  Mr.  Wm.  Fairbaim  and  other 
engineers!,  who  appeared  to  be  so. 
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8UMMABT.  • 

Besults  of  the  eaj>erimental  trial  (f  the  comparative  eotmomy  of  Mr. 
G.  W.  WilUams^s  patent  system  of  smoke-prevention  and  the  ordi^ 
nary  plan, 

"  The  exact  results  of  the  smoke-burning  experiments  made  at 
Mr.  Thomas  Houldsworth's  works,  on  the  19th  and  20th  of  Dec, 
1843,  are  as  follows : 

''At  one  boiler  haying  Williams's  Patent  Argand  Furnace  at- 
tached— ^that  is  with  a  permanent  aperture  admitting  a  continuous 
current  of  air  through  a  perforated  plate  or  'diffusion-box'  behind 
the  bildge, — ^by  the  consumption  of  1150  lbs.  of  coals,  the  evapo- 
ration was  569}  gallons  of  water  in  6  hours  22  minutes ; — and  oxx 
the  following  day,  namely,  the  20th  of  December,  1848,  with  the 
same  boiler,  the  same  quantity  <f  coals  from  the  same  heap,  and  every 
thing  exactly  in  the  same  state  as  before,  except  that  the  aperture 
for  admitting  air  at  the  bridge  teas  kept  car^ully  closed  the  whole 
time,  and  the  holes  in  the  fire-door  plugged  up,  the  evaporation 
was  713}  gallons  in  5  hours  and  20  minutes.  The  experiments 
commencing  each  day  at  the  same  hour." 

£ate  of  evaporation  per  lb.  of  coal  is  accordingly : — 

"With  air  admitted  4*95  lb.  water  to  1  lb,  CoaL 
Withourditto .    •    6-2 ib.     "         lib.   " 

Difference  1*25  lb.  or  25  per  cent  more  steam  in  favor  of  thQ 
ordinary  plan  and  against  smoke-prevention,  instead  of  85  per  cent* 
Toj  parlioTneniary  evidence  the  contrary  way  I 

After  so  signal  a  &ilure  as  the  above,  what  must  we  think  of  n 
statement  which  the  publisher  has  been  influenced  by  Mr.  WiUiama 
to  insert  tunce  over  in  an  unauthorized  "  Appendix"  to  a  surrepti* 
tious  edition,  miscalled  by  him  the  third  of  my  "Rudimentary 
Treatise"  to  the  effect  that  Mr.  Houldsworth  had,  "as  a  result  of 
his  reading  Mr.  C.  W.  Williams's  book  on  combustion,"  reduced 
his  consumption  of  coal  from  20  to  17  cwt.  per  hour  ?  My  answer 
to  this  is,  that  previous  to  his  adopting  Williams's  system,  he  was 
using  at  the  rate  of  7}  lb.  of  coal  per  indicated  horsepower  per 
hour, — ^full  iO  per  cent,  more  than  the  average  rate  of  other 
toanufacturers  at  that  time,  which  left  room  for  saving  even  by 
the  adoption  of  a  bad  plan, . 
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Mr.  Houldsworth's  consiimption  was  not  therefore  the  "ordinary," 
but  an^xtraordinary  and  extravagant  consumption  of  coal.  This 
is  amply  authenticated  by  various  duty  report  papers  of  Manches- 
ter engines  now  before  me;  a  fact  ^hich  constitutes  him  a  very 
weak  authority  on  the  subject,  the  only  nominal  (engineering) 
support  he  occasionally  had  in  Manchester  to  the  contrary,  not- 
withstanding. 

Many  other  proofe  abound,  utterly  condemnatory  of  the  perfect 
combustion  notion,  in  its  application  to  steam-engines;  but  as 
that  system  is  now  perfectly  defunct,  if  it  ever  was  alive,  exc^t 
pn  paper,  I  shall  here  conclude  with  some  observations  printed 
several  years  ago  on  "perfect"  and  "imperfect"  combustion,  for 
the  use  of  those  who  require  a  more  rational  theory  on  the  sub- 
ject^ and  which  I  now  take  the  liberty  of  entitling 

A  THEOBY.  OF  THK  BEST  POSSIBLE  COMBUSTION  IN  STEAM- 
ENGINE  F0BNACBS. 

It  is  true  that  smoke  is  a  result  of  imperfect  combustion,  but  it 
is  also  true  that  combustion  may  be  still  more  imperfect  without 
smoke,  and  be  attended  with  a  much  greater  waste  of  ibel.  In  a 
steam-engine  furnace,  there  never  was,  and  never  can  be  "  Perfect 
Combustion,"  even  in  theory,  much  less  in  prac1|^.  In  the  nearest 
apparent  approach  thereto,  when  no  visible  smoke  escapes  from  the 
chimney,  there  always  arises  from  a  fire  of  tolerable  thickness  a 
certain  quantity  of  unconsumed  inflammable  gas,  chiefly  carbonic- 
oxid^  whilst  at  the  same  time,  a  very  large  proportion  (according' 
to  experiments  by  Peter  Ewart  and  John  Dalton  about  one-haY) 
of  the  gaseous  products  passing  off  by  the  chimney  consist  of  at- 
mospheric air  unchanged,  that  is,  containing  its  full  proportion, 
iibout  one-fifth  of  oxygen.  Now,  since  it  is  impossible  to  increase 
the  supply  of  oxygen,  which,  by  combining  with  the  fuel  in  the 
furnace,  is  alone  the  cause  of  all  the  heat  produced,  without  at  the 
same  time  increasing  the  supply  of  the  other  component  of  the 
atmospher^  consisting  of  faur-Jifths  of  it,  namely,  the  nitrogen ; 
and  allowing,  as  above,  one-half  only  of  the  oxygen  to  be  available, 
it  follows  that  about  nine-tenths  of  the  atmospheric  air  admitted 
into  the  furnace,  and  heated  to  a  temperature  of  about  seven  hun- 
dred degrees,  is.  carried  off  by  the  chimney  for  no  purpose  what- 
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eyer,  except  to  enable  the  lemaming  one-tenth  to  support  the 
combustion  of  the  AieL  , 

An  exception  may  be  taken  to  this  on  the  ground  that  some 
part  of  this  waste  heat  may.be  recovered  bj  an  extended  heating* 
snr&ce  of  the  boiler ;  that,  howerer,  is  limited  in  practice  by  other 
circumstances,  and  does  not  affect  the  above  conclusion  as  regards 
the  fdmaoe  considered  by  itself. 

Whether  heat  is  a  material  substance  or  not,  which  is  immaterial 
to  this  question,  it  is  quite  certain  that  in  its  production  from  the 
burning  of  common  bituminous  coal,  the  main  elements  concerned 
are  carbon,  hydrogen,  and  oxygen,  and  that  the  complete  conversion 
of  these  three  substances  into  carbonic  acid  and  water  without 
waste,  is  the  only  common-sense  idea  that  can  be  conceived  of 
complete  or  "perfect  combustion.''  And,  if  we  would  have  a  con- 
tinued supply  of  oxygen  without  its  accompanying  nitrogen,  such 
combustion  might  be  possible ;  but  as  we  can  only  have  these  two 
elements  mixed  as  we  find  them  in  the  atmosphere,  and  <yie  of  them 
having  to  be  separated  from  the  other,  as  they  pass  through  the 
furnace,  whilst  so  large  a  portion  as  nine-tenths  of  the  whole  is  of 
no  use  in  the  process,  the  case  is  considerably  altered. 

Take,  for  instance,  any  given  ordinary  frimace,  and  supposing 
it  to  be  in  operation  and  supplied  with  fuel  at  a  given  uniform  rate, 
if  we  then  suppose  the  air  supporting  the  combustion  to  be  sup- 
plied at  a  un^brmly  increfmng  rcUe^  it  is  certain  that  a  maximum 
point,  in  the  relative  proportions  of  the  air  and  fuel,  must  be 
somewhere  arrived  at,  where  the  expenditure  of  heat  on  the  lib- 
erated nitrogen  and  other  incoTnhusitble  products  escaping  by  the 
chimney  must  counterbalance  the  heat  created  by  the  consumption 
of  that  portion  of  any  combustible  gas  or  smoke  that  would  other- 
wise pass  off  unconsumed  in  the  same  way, — ^the  former  increasing 
as  the  latter  diminishes,  and  vice  versa. 

This  maximum  point  of  bbst  possible  combustion  once  at- 
tained, we  can  neither  pass  nor  Ml  short  of  it  without  diminishing 
the  temperature  and  eventually  stopping  the  process.  Or,  in  other 
words,  the  oxygen,  which  alone  supports  the  combustion,  must  not 
only  create  as  much  heat  as  is  sufficient  for  heating  itself,  but  also 
as  much  as  is  required  to  heat  up  to  the  same  degree  aU  the  air  or 
gases  with  which  it  is  in  contact:  otherwise  the  combustion  will 
not*go  on  at  the  same  rate,  and  consequently  a  lessened  supply  of 
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8leam  to  the  ^figine  results,  aad  less  power,  the  only  true  measoro 
of  heat,  is  produced. 

The  xtatural  eonelusion  from  the  above  theorj-^which  is  also 
iu  strict  accordance  with  all  suocessM  ezperienoe-ws,  that  th^ 
most  economical  method  of  firing  a  steam-engine  boiler,  from 
which  a  constant  quantity  of  steam  is  required,  must  be  by  a 
regularly  uniform  supply  of  fuel  to  the  ftirnace,  and  a  similarly 
regukr  supply  of  air  through  the  fire-grate,  ^'and  nowhere  else,'' 
with  a  uniform  though  moderate  emission  of  smoke,  visible  or  in, 
visible,  firom  the  chimney :  vidbh  within  certain  limits  of  density 
of  shade,  as  the  combustion  is  more  or  less  impejfect,-^being  leasl 
imperfect  when  the  combustion  is  quicker  and  the  resulting  pra» 
ducts  contain  the  largest  proportion  of  carbonic  acid  gas  and^teamii 
holding  in  suspension  a  thin,  gray  coloring  of  carbon  or  soot,  which 
constitutes  ordinary  smoke;  irmdbh  when  the  combustion  is 
slower  and  more  imperfect,  allowing  the  carboniQ  acid  first  formed 
to  be  repkced  in  the  escaping  products  by  a  large  quantity  of 
carbon  in  the  form  of  carbonic  oxide  gasj,  thereby  wasting,  at 
leaat  theoreticaUyi  nearly  half  the  availably  carbon  of  the  coal 
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BEllABKS  OS  SXOKS-BUBNIKO,  BY  JOHN  BOUBNB,  S8Q. 

[The  following  remarks  form  a  portion  of  a  review  of  Mr. 
Charles  Wye  Williams's  book  on  "  The  Combustion  of  CJoal  and 
the  Prevention  of  Smoke,  Chemically  and  Practically  Considered," 
'which  appeared  in  the  "  Artizan"  for  February,  1843,] 

The  smoke  evolved  by  every  species  of  bituminous  coal,  when 
burned  in  common  Aimaces,  must  necessarily  detract  considerably 
fix>m  the  calorie  efficacy  of  the  fire,  both  on  account  of  ihe  direct 
loss  of  a  portion  of  the  combustible,  which  passes  off  in  the  form 
of  smoke  and  is  dissipated  in  the  atmosphere,  as  well  as  &om  the 
loss  of  the  heat  requisite  to  convert  the  hydrocarbons  so  dissi- 
pated into  the  gaseous  form.  Numerous  attempts  have  been  made 
to  obviate  or  diminish  these  sources  of  waste,  by  admitting  into 
the  flue  or  fiimace  a  stream  of  air  to  accomplish  the  combustion 
of  the  inflammable  parts  of  the  smoke.  But  the  diffictdty  of  ap- 
portioning the  quantity  of  air  admitted  to  the  varying  wants  of 
the  fire,  has  been  found  an  insuperable  objection  in  the  case  of 
ordinary  fiimaces :  whilst  the  refrigeratory  effect  of  the  excess  of 
air  it  is  necessary  to  admit  in  order  to  bring  the  atoms  of  the  com- 
bustible and  the  supporter  within  the  range  of  combining  attrac- 
tion, goes  fSur  to  neutralize  the  increased  heating-power  consequent 
on  their  combination.  In  experiments  upon  smoke-burning  fur- 
nacesy  conducted  with  great  care  and  skill,  possibly  some  little 
saviag  may  have  been  repeatedly  realized.  But  with  the  measure 
of  care  and  skill  which  furnaces  can  obtain  in  the  ordinary  routine 
of  practical  operation,  smoke-burning  has  invariably  been  produc* 
tive  of  a  diminished  efficiency,  or  an  increased  consumption. 

All  this  Mr.  Williams  acknowledges ;  but  maintains  that  his  is 
tiot  a  smoke-burning,  but  a  smoke-preventing  ftimace.  Smoke, 
hd  'admits,  oamiot  be  burned  advantageously.    But  it  is  not  smoke, 
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he  saySy  but  gas,  that  lie  attempts  to  consume.  The  differenoe  is 
certainly  conceivable,  and  not  xmimportant;  yet,  on  looking  at  the 
construction  of  Mr.  Williams^s  ftimace,  we  find  that  the  furnace 
proper  differs  in'  no  respect  from  common  furnaces ;  and  the  aeri- 
form* matter  which  passes  through  the  furnace-throat  must  there- 
fore, necessarily,  be  of  the  usual  description.  The  whole  of  Mr. 
Williams's  plan,  indeed,  consists  in  letting  air  into  the  flue  by  a 
multitude  of  holes.  But  the  substance  to  which  the  air  is  admit- 
ted is  identical  with  that  in  furnaces  of  the  ordinary  kind ;  and  his 
furnace  is,  therefore,  just  as  much  a  smoke-*generating  i^nace  as 
any  furnace  whatever.  The  difference  between  smoke  and  gas  is 
dimply  this :  One  is  the  'product  of  imperfect  or  incomplete  com- 
bustion, whilst  the  other  is  not  the  product  of  combustion  at  aU, 
but  of  volatilization  merely.  And,  as  combustion  is  carried  on  in 
this  gentleman's  furnace,  the  substances  flowing  past  the  difi^on- 
orifices,  which  are  the  product  of  that  combustion,  cannot  be  coal- 
gas  by  any  possibility.  The  question  r^Uy  at  issue,  is  not 
whether  it  is  beneficial  to  admit  air  to  gas  in  one  hole  or  in  many 
holes,  but  whether,  in  the  case  of  tlua  furnace,  it  is  gas  at  all  to 
which  the  air  is  admitted.  To  pretend  that  smoke  can  be  turned 
into  gas  by  letting  in  air  upon  it  by  one  hundred  holes,  instead  of 
by  one  or  two,  is  just  as  preposterous  as  to  maintain  that  the  plant 
which,  when  watered  with  a  common  watering-pol^  is  a  lily,  will 
be  turned  into  a  thistle  if  watered  with  a  jug.  In  spite,  then,  of 
all  the  indignation  Mr.  Williams  has  heaped  upon  "  smoke-burn- 
ing pretenders,"  it  is,  in  our  eyes,  undeniable  that  he  ia  himself 
one  of  the  genus  he  so  loudly  condemns ;  and  as  we  participate 
to  a  certain  extent  in  his  disapproval  of  smoke-burning  expedi- 
ents, we  are  compelled  to  surrender  him  to  his  own  reprobatioiL 

The  ineffectual  and  injurious  character  of  Mr.  Williams's  ar- 
rangements,  are,  we  think,  very  ably  pointed  out  in  a  report  of 
Mr.  Armstrong's,  addressed  to  a  respectable  manufacturing  firm 
in  Manchester,  and  inserted  at  p.  274  of  the  present  work. 

In  answer  to  this  statement,  Mr.  Williams  contends  that  when 
there  is  no  smoke  to  be  burned,  there  is  carbonic  oxide,  and  that 
therefore  a  rush  of  cold  air  through  the  diffusion  orifices  at  ^  any 
time  is  impossible.  Put  if  the  furnace  be  made  to  produce  car- 
bonic oxide  in  considerable  quantity  at  all,  so  as  to  combine  with 
tiie  oxyg^i  when  there  is  no  smoke,  this  carbonic  oxide  must  pass 
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eff  unconsTimed  where  there  is  smoke,  provided  the  smoke  be  con- 
somedy  and  a  great  waste  of  ftiel  must  thereby  be  occasioned.  In 
ihe  case  of  ordinary  ftumaces,  it  appears  impossible  indeed  for 
Mr.  Williams  to  extricate  himself  from  this  dilemma.  He  must 
either  have  a  current  of  cold  air  rushing  at  times  through  tlfe  dif- 
fufflon  orifices,  cooling  and  injuring  the  boiler,  or  large  quantities 
of  carbonic  oxide  continually  escaping  into  the  chimney,  so  as  ^ 
occasion  a  material  waste  of  ftiel.  On  the  whole,  it  appears  to  us 
that  although  this  project  may  be  capable  of  affording -some  satis- 
faction so  long  as  it  meets  with  the  care  due  to  a  novel  and  nurse- 
ling project, — ^as,  indeed,  a  host  of  previous  schemes  have  repeatedly 
done, — ^yet  that  in  the  aggregate  of  ordinary  working  it  will  ap* 
prove  itself  troublesome,  expensive,  and  pernicious. 

Of  Mr. Williams's  book,  our  verdict,  we  fear,  must  be  as  unfavor- 
able as  of  his  invention;  yet  it  has  received  high  praise  in  various 
quarters ;  and  although  its  adjnirers  are  not  the  best  sort  of  admirers, 
we  doubt  not  their  panegyric  has  been  accepted  by  Mr.  Williams  as 
good  sterling  praise,  and  will  probably  render  distastefhl  any  more 
discriminating  analysis.  Indeed,  the  expectations  of  any  author  who 
has  once  tasted  of  popular  applause,  are  by  no  means  easily  satisfied. 
Upon  his  first  appearance  before  the  tribunal  of  public  opinion,  he 
will  generally  be  content  if  he  escape  without  censure;  but  his  ex- 
pectations rise  with  his  success,  and  the  judgment  he  would  at  first 
Lave  accepted  with  joy  and  gratitude,  he  will  speedily  come  to  look 
upon  as  prejudiced  and  disparaging.  Upon  any  person,  indeed, 
prominently  before  the  public,  a  word  of  disapprobation  fidls  with 
prodigiously  increased  weight:  so  long  as  he  remains  in  obscurity, 
Teproof  is  unattended  with  disgrace  because  it  is  necessarily  un- 
iritnessed,'  but  the  crowd  he  brings  around  him  by  his  triumph,  if 
it  adds  to  the  brilliancy  of  success,  fearfully  aggravates  the  penalties 
of  fiiilure.  Every  voice  which  swelled  the  measure  of  his  &me 
.wiC  add  to  the  ignominy  of  his  degradation ;  and  a  measure  of 
praise  which  would  have  exceeded  the  hopes  of  his  earlier  ambi- 
tion will  now  only  suggest  humiliating  ideius  of  his  unfitness  for 
the  position  he  has  so  incautiously  usurped,  and  the  derision  and 
disappointoient  his  incapacity  has  excited. 

An  inquiry  intp  the  phenomena  attendant  upon  the  combustion 
of  coat  divides  itj^lf  into  two  parts.  First,  The  determination  of 
ihe  chemical  constitution  of  the  coal ;  and.  Second,  The  determina- 
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tion  of  the  quantity  of  air  requisite  for  the  combustion  of  its  con- 
ttituents.  Mr.  Williams  has  gone  into  both  of  these  subjects  at 
considerable  length.  He  has  given  us  a  compilation  of  authorities 
showing  what  the  chemical  composition  of  different  species  of  coal 
m,  and  has  favored  us  with  several  chapters  and  a  multitude  of 
diagrams  to  point  out  that  carbon  and  hydrogen  combine  with 
oxygen  in  definite  proportions.  In  the  whole  of  these  most  ingeni- 
ously constructed  chapters,  there  is  not  a  single  remark  of  the  least 
worth  or  moment;  and  in  the  whole  length  and  breadth  of  the  book 
there  is  nothing  new,  except  its  errors  and  the  magisterial  solem- 
nity with  which  the  most  trite  and  insignificant  truths  are  repro- 
fiuced  and  paraded.  Indeed,  Mr.  Williams  seems  very  fond  of 
burning  his  gas  in  the  blaze  of  noon-day.  He  devotes  pages  to 
prove  self-evident  propositions,  and  takes  infinite  pains  to  convince 
sceptics  of  things  nobody  ever  thinks  of  doubting.  He  continually 
speaks  of  atoms  as  if  he  himself  had^bund  them  out,  and  as  if  an 
introduction  to  so  difficult  a  theme  inspired  extraordinary  trepida- 
tion ;  as  in  page  40,  for  example  where  he  encouragingly  tells  us 
**not  to  feel  alarmed  at  this  introduction  to  elementary  atoms  and 
chemical  equivalents."  In  pages  27,  et  «cj.,  the  discovery  is 
announced  to  us,  that  when  fresh  coal  is  thrown  upon  a  fire,  the' 
fire  is  afterwards  not  quite  so  hot  as  before ;  in  pages  28  and  29, 
we  are  assured  that  heat  is  necessary  to  expel  gas  from  coals ;  in 
page  85,  that  a  combustible  as  well  as  a  supporter  are  indispens- 
abk  to  combustion ;  and  in  page  87,  that  the  combustion  of  gas  is 
accomplished,  "not  by  its  combination  with  the  air,  as  is  the 
vulgar  and  dangerous  notion,  but  with  the  oxygen  of  the  air — ^the 
supporter  of  flame — ^the  heat-giving  constituent  of  the  air."  In 
page  91,  we  are  told,  "  Without  sufficient  time,  nothing  short  of  a 
miracle  could  satisfy  the  required  extent  of  diffusion.  Nature, 
however,  does  not  operate  by  miracles,  but  by  defined  laws  and 
progressive  means  f  and  in  page  129,  we  are  assured  that  combus- 
tion cannot  take  place  without  air;  "that  providing  heat  is  not 
providing  air,  neither  is  decomposition  combustion."  In  page  11, 
we  are  told  that  Sir  Humphrey  Davy  was  an  eminent  man;  in  page 
20,  that  Dr.  Faraday  is  the  first  electrician  of  the  day ;  and  in  page 
41,  that  John  Dalton  is  a  writer  of  merit.  At  page  70  commences 
a  chapter  of  80  pages  for  the  purpose  of  pointing  out  that  as  it  is 
oxygen  which  supports  the  combustion  in  a  fiirnace,  the  air  sup- 
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plied  to  the  furnace  must  not  have  ^en  deprived  of  its  oxygen 
previously,  else  it  will  not  do :— rfor  thus  wisely  and  thus  learnedly 
argues  this  philosopher,  "If  oxygen  be  not  present  in  the  air,  how 
can  it  otherwise  be  obtained  ?  How  can  we  effect  a  union  with  a 
thing  which  is  not  ?" 

In  extenuation  of  the  marvellous  superficiality  of  this  gentle- 
man's treatise,  it  may,  perhaps,  be  urged  that  he  wrote  not  for 
scientific,  but  for  practical  men.  This  argument  mighty  perhaps, 
have  some  weight  if  by  practical  men  were  meant  our  working 
boUer-smiths  and  bricklayers,  who  for  the  most  part  are  supposed 
to  know  as  much  erf  chemistry  as  of  the  (Elic  reduplication;  yet, 
even  in  this  case,  we  do  not  altogether  see  how  those  persons  shoul(]^ 
be  induced  to  read  this  book  more  readily  than  some  of  the  num- 
erous chemical  works  to  which  they  already  have  access.  Mr- 
Williams,  however,  informs  us  that  he  does  not  address  himself 
to  so  unpromising  an  au^tory,  but  to  those  by  whom  engineering 
works  are  directed  and  designed.  'Are  then  our  bricklayers  or 
boiler-inakers  to  become  chemists?  No.  But  those  who  direct— 
those  who  assume  the  charge  of  teaching  them  to  construct  the 
numerous  descriptions  of  furnaces  with  which  this  country  abounds^ 
— should  be  masters  of  the  leading  principles  on  which  their  art  ia 
based,  and  the  success  of  their  operation  depends,'  of  which  it 
would  appear  they  at  present  know  nothing.  Thus  in  page  2,  Mr* 
Williams  informs  us,  that  even  the  most  experienced  engineers 
know  very  little  about  the  boiler — in  page  8,  that  in  the  construc- 
ticfli  of  boilers  engineers  are  without  any/fixed  principles  to  guide 
them — ia  page  4,^at  he  has  watched  the  efforts  of  engineers  to 
arrive  at  some  degree  of  certainty,  that  he  has  perceived  the 
absence  of  any  intelligible  or  well-founded  principle  in  the  boiler 
— in  page  5,  that  instead  of  improvement  there  has  been  latterly 
retrogression,  and  that  well-established  houses  even  yet  know  very 
little  of  the  principles  of  perfect?  combustion,  or  of  the  economy  of 
fuel.  From  these  and  numerous  other  passages,  which  might  be 
cited,  it  would  appear  to  be  this  gentleman's  doctrine  that  engineers 
are  a  very  ignorant  and  stupid  race  of  persons ;  that  though  living  in 
England  in  the  nineteenth  century  they  are  unacquainted  with  the 
simplest  and  most  familiar  truths  of  chemistry ;  and  while  possessing 
the  reputation  of  producing  those  miracles  of  ingenuity  which 
carry  their  faAe  to  the  verge  of  civilization,  that  they  exist  in  a 
19 
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state  of  mental  stupor  whioh  jj^e  most  besotted  Turk  could  scarcely 
hope  to  emulate.  A  person,  indeed,  who  derived  his  only  information 
on  this  subject  from  Mr.  Charles  Wye  Williams,  might  imagine 
our  mechanics  to  be  the  descendants  of  some  barbarian  horde  on 
whom  a  hereditary  curse  rested,  dooming  them  to  an  eternal  de- 
gradation ;  who  remained  rude  and  untutored  even  in  the  centre 
of  civilization,  and  whom  the  flame  of  science  could  neither  melt 
nor  quicken,  nor  the  lessons  of  experience  instruct  It  is  not 
astonishing,  therefore,  that  Mr.  Williams  should  speak  with  much 
confidence  and  coolness  of  the  absurdities  of  the  practice  of  our 
engineers,  which  in  pages  84,  72,  73,  74, 127,  and,  indeed,  in  almost 
every  page  throughout  the  volume,  he  most  industriously  exposes. 
He  takes  especial  care  to  make  manifest  the  shallowness  of  Tredgold, 
and  the  erroneous  notions  of  Watt,  which  he  of  course  contrasts  with 
his  own  higher  skill  and  superior  illumination,  and  finding  him- 
self unable  to  refiite  what  they  do  say,  wisely  confines  his  refuta- 
tion to  what  they  do  not  say.  In  page  134,  he  states,  'the  errone- 
ous view  of  the  combustion  of  the  gases  began  with  Watt;'  but 
after  handling  poor  Watt  very  severely  for  his  manifold  shortcom- 
ings, he  kindly  winds  up  in  the  following  patronizing  strain: 
'But  let  justice,  however,  be  done  to  Watt.  It  is  not  his  fault  that 
the  errors  he  comn\itted  should  continue  to  be  repeated,'  which 
our  present  engineers  are,  it  appears,  wrong-headed  enough  to  do. 
The  following  epithets  are  therefore  unsparingly  applied  to  the 
practice  of  those  obdurate  persons:  'erroneous,'  'lamentably  errone- 
ous,' 'neglect  of  chemistry,'  'notable  instance  of  neglect  of  chem- 
istry,' 'abortive  attempts,'  'great  practical  ai^  chemical  error,' 
'palpable  oversights,'  'unsound  principles,'  'chemical  blunder,' 
'utterly  at  variance  with  chemical  propriety,'  and  a  host  of  other 
equally  decorous  and  appropriate  expressions.  The  secret  of  all 
•this  we  suppose  is,  that  Mr.  Williams  plumes  himself  not  a  little 
upon  the  smattering  of  chemistry  he  appears  to  have  acquired,  and 
in  the  simplicity  of  his  heart  imagines  that  because  our  leading 
engineers  do  not  think  it  consistent  with  their  dignity  to  become 
lecturing  itinerants,  or  to  be  eternally  flashing  their  attainments  in 
the  eyes  of  ignorant  spectators,  they  know  nothing  of  the  most 
familiar  scientific  truths,  and  pay  no  regard  to  them  in  their  prac- 
tice. If  Mr.  Williams  could  only  see  himself  as  he  is  seen  fcy 
others, — if  he  could  only  perceive  thef  ridicule  he  draws  upon  him- 
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self,  by  harping  everlastingly  about  chemical  principles,  and  chem- 
ical blimders — ^and  which  we  can  assure  him  raises  the  secret 
laughter  of  even  the  most  fevorably  affected, — ^he  would,  we  are 
sure,  gladly  retire  into  the  obscurity  for  which  Providence  mani- 
festly designed  him,  and  leave  the  contention  for  distinction  to 
those  who  have  something  better  to  offer  as  credential  than  a  flood 
of  scientific  jargon,  or  the  pitiful  pedantry  of  a  boiling  empiric. 

J.B. 


CHAPTER  XXVn. 
explosions:  an  invbstioation   into  some  of  the  causes 

PRODUCINO  THEM,  ANIJ  INTO  THE  DETERIOEATION  OP  BOILEBS 
GENERALLY. 

I 

How  ifco  obtain  sufficient  strength  to  resist  the  disruption  of  the 
materials  of  which  boilers  are  composed  is  one  of  the  principal 
considerations  "osualljr  advanced  in  investigations  respecting  boiler 
explosions.  Setting  this  topic  aside,  for  the  present,  and  dismissing 
the  discussion  of  theories  of  explosions,  we  shall  endeavor  to  col- 
lect here  the  practical  results  of  the  most  uniform  experience 
.  relative  to  the  explosions  of  boilers  which  are  imputable  to  com- 
mon causes. 

We  shall  also  examine  such  experiments  as  illustrate  the!  proper 
forms  and  dimensions  of  boilers  in  common  use,  and  shall  recap- 
itulate the  principal  sources  of  weakness  arising  from  ordinary 
tear  and  wear,  from  improper  management  and  from  other  usual 
incidents  in  practice. 

« 

AMERICAN  EXPERIMENTS  ON  EXPLOSIONS. 

The  most  authentic  illustrations  of  the  inferior  limit  of  the 
thickness  of  metal  proper  for  boilers,  are  two  experimental  ex- 
plosions purposely  produced  in  the  course  of  a  series  of  very 
important  investigations,  undertaken  by  a  committe  of  the  Frank- 
lin Institute  of  the  State  of  Pennsylvania,  at  the  request  of  the 
American  House  of  Representatives,  for  whom  the  report  of  these 
experiments  was  first  published  in  America  in  1886. 

^The  immediate  object  of  the  two  experiments  in  question  was 
"to  observe  accurately  the  sort  of  bursting  produced  by  a  gradual 
increase  of  pressure  within  cylinders  of  iron  and  copper."  This 
course  was  pursued  because  it  had  been  assumed  by  many,  and 
indeed  theu  opinion  was  very  generally  entertained  in  this  country 
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&B  well  as  in  America,  that  ruptures  prodnced  in  copper  boilers 
iroold  not  bear  the  character  of  expIosionB,  but  that  a  mere  rendtnj 
would  take  place,  giving  an  easy  escape  to  the  contents.  In  pnr- 
ioance  of  this  investigation,  two  cylinders  were  prepued  of  such 
a  size  aa  it  was  thought  wonid  make  a  small  thickness  of  material 
illnstT&te  the  question,  "  hj  rending  at  a  pressure  which  was  easilj 
attainable." 

In  this'  respect  the  committee  would  hare  found  less  dif- 
ficulty if  they  had  made  the  boilers  of  a  larger  diameter ;  for  it 
appears  they  really  had  considerable  trouble  in  causing  the  boilers 
to  explode  at  all.  However,  they  did  at  last  succeed,  <ind  the  re- 
sults afS^rded  a  direct  answer  to  the  question  between  iron  and 
o^per,  proving  the  entire  want  of  foundation  for  the  opinion 
which  asserted  the  superior  safety  of  the  latter.  Collaterallj, 
also,  those  results  afford  good  grounds  for  the  first  step  of  a  general 
inquiry  into  the  causes  of  the  explosions  of  boilers. 

EXPEBIMENTAZ.   EXPLOSION. 

The  iron  boiler  used  in  this  experimental  explosion  was  cylin- 
drical, ten  iuchea  long  by  eight  and  a  half  inches  diameter,  and 
one-fiftieth  of  an  inch  thick,  with  ends  one-twentieth  of  an  inch 
thick,  to  which  the  curved  portion  was  fixed  by  rivets,  nearly 
touching  each  other.  A  single  opening  in  one  of  the  ends  of  the 
'  boiler  admitted  the  water,  which  was  then  furnished  with  a  screw, 
also  with  a  tabe  and  piston,  connected  with  a  small  spring- weighing 
machine. 

"  Upon  the  cylinder  of  this  machine  a  ring  was  placed,  which 


was  movable  along  the  cylinder  by  a  slight  pressure ;  this  ring  waa 
forced  towards  the  end  of  the  cylinder  neatest  to  the  Ijoiler  head, 
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as  the  spring  was  bent,  and  remaining  in  its  place  as  the  spring 
relaxed,  served  to  register  the  maxiTnnm  pressure  to  which  the 
piston  had  been  exposed  previous  to  observing  it."* 

The  small  iron  boiler  thus  prepared  was  half  filled  with  water, 
and  placed  on  a  charcoal  fire,  and  the  steam  got  up ;  but  owing  to 
a  leak  in  the  riveting,  the  steam  escaped  so  &st,  that  the  operators 
were  unable  to  burst  the  boiler  on  the  first  triaL  The  boiler  was, 
however,  replenished  with  water,  and  set  lower  in  the  fire^  which 
was  again  urged,  when,  at  ^last,  with  some  difficulty,  an  explosion 
was  produced. 

So  little  dependence  can,  in  general,  be  placed  on  the  relations 
made  by  witnesses  of  accidental  explosions,  and  so  rarely  have 
explosions  been  intentionally  made  for  the  purpose  of  illustrating 
this  question,  that,  for  the  sake  of  accuracy  in  preserving  all  relia- 
ble fEicts,  the  different  members  of  the  co^pnittee  simultaneously 
addressed  their  attention  to  the  different  circumstances  which  had 
to  be  observed  at  the  time  the  explosion  took  place. 

"  Part  of  the  committee  were  engaged  in  observing  the  progress 
of  the  experiment  at  this  moment.  The  fire  was  near  the  middle 
line  of  the  boiler,t  burning  not  strongly  near  that  line,  but  very 
rapidly  below  the  boiler ;  the  steam  issued  freely  through  the  leak 
before  alluded  to,  and  the  whistling  sound  which  it  produced,  and 
which  had  increased  gradually  in  strength,  as  the  experiment  pro* 
gressed  seemed  constant.  The  length  of  time  during  which  the 
steam  had  escaped  showed  the  water  to  be  low,  and  induced  the 
supposition  that  a  second  time  the  object  would  fail ;  when  an 
explosion  occurred." 

THE  CBOSS-LANE,  MANCHESTER,  EXPLOSION. 

After  recounting  the  incidents  of  this  case  of  artificial  explo- 
sion,. I  shall  now  proceed  to  describe  some  of  the  cases  of  real 
explosion  which  have  occurred  in  practice.  One  of  these  cases  is 
that  of  an  explosion  which  took  place  several  years  ago,  by  the 
bursting  of  a  small  cylindrical  boiler,  of  about  three  feet  in  dia- 

*  See  the  original  Report,  page  66. 

t  As  the  boiler  rested  horizontally  in  the  fire,  and  was  half  filled  with  water, 
this  middle  line  and  the  water  sarface  would  nearly  coincide. 
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meter,  used  for  the  purpose  of  working  a  six-horse  non*condeii« 
sing  engine,  at  a  pressure  of  60  lbs.  per  square  inch.    It  had 
two  sa/ely-valves,  each  of  about  a  square  inch  area,  and  both  were 
stated  to  be  in  full  action  at  the  time  the  explosion  took  place, . 
having  commenced  blowing  off  steam  a  few  minutes  before. 

The  result  of  this  explosion  was,  that  the  wrought-iron  •end  of 
the  boiler  next  to  the  furnace  was  torn  away,  principally  by  split- 
ting the  angle-iron,  which  was  barely  three-eighths  of  an  inch 
thick,  and  thrown  more  than  twenty  ^ards  ofi)  carrying  the  fireman 
six  or  seven  yards  of  that  distance,  who,  together  with  another 
man,  was  killed  on  the  spot.  The  body  of  the  boiler  was  driven 
in  a  contrary  direction,  through  both  the  external  walls  of  the 
engine-house,  one  nine  and  the  other  fourteen  inches  thick,  at  the 
same  time  carrying  away  the  steam-engine  itself  several  yards  into 
a  field,  at  the  other  sidg  of  the  building.'^ 

THS  JSBSEY  8TBEET,   HANCHESTEB,  EXPLOSION. 

Another  apparently  similar  kind  of  explosion  to  that  just  des- 
cribed, took  place  in  October,  1841,  at  the  machine  manufactory 
of  Messrs.  Elce  and  Gottam,  in  Jersey  Street,  Manchester.  This 
boiler,  like  the  previous  one,  was  employed  to  drive  a  six-horse 
high-pressure,  or  non-condensing  engine,  having  an  eight-inch 
cylinder  and  a  two  feet  stroke,  working  usually  at  a  pressure  of 
from  26  to  86  lbs.  per  square  inch.  The  safety-valve,  which  was 
of  the  common  kind,  with  a  packed  spindle  and  stuffing-box,  was 
adjusted  by  means  of  a  Salter's  spring-gauge,  to  blow  off  at  40  lbs., 
beyond  which  pressure  it  could  not  be  screwed  down. 

This  boiler  was  a  cylinder  of  nine  feet  six  inches  in  length,  with 
fiat  ends,  three  feet  ten  and  a-half  inches  diameter.  It  was  made 
of  good  iron,  three-eighths  of  an  infth  thick  all  through,  and  had 
been  some  few  years  at  work.  The  two  ends,  or  as  the  Americana 
call  them,  "heads"  of  the  boiler,  were  braced  to  each  other  by  one 

*  This  explosion  took  place  in  October,  1832,  at  a  saw-mill  in  Gross-lane, 
Manchester,  belonging  to  Mr.  George  Jones.  The  engine  and  boiler  were 
both  qaite  new,  having  only  worked  a  few  days,  although  at  the  time  of  the 
explosion  the  engine  had  been  stopped  for  a  few  minutes  for  the  purpose  of 
adjusting  a  strap  on  the  machinery. 
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longitudinal  wrought-iron  stay-bar  through  the  centre,  attached  at 
each  end  by  a  wrought-iron  strap  and  cotten  It  was  the  giving 
way  of  this  strap,  against  which  the  cotter  was  driven,  through  a 
slot  in  the  stay-bar,  in  the  usual  manner  adopted  for  low-pressure 
wagon-boilers,  which  was  the  immediate  cause  of  thb  explosion. 
The  strength  of  the  iron,  however,  at  the  place  of  firacture,  when 
examined  by  good  judges,  was  pronounced  to  have  been  capable 
of  resisting  a  pressure  on  the  end  of  the  boiler  of  at  least  100  lbs. 
to  the  square  inch. 

STICKING  OP  SAFETY-VALVES. 

That  the  support  above  mentioned  should  have  given  way  when 
the  safety-valve  was  free  to  open  at  40  lbs.  per  square  inch,  or  less 
than  one-half  the  pressure  that  it  was  pioved  to  be  thoroughly 
able  to  sustain,  is  one  of  the  anomalies  we  are  so  frequently  meet- 
ing with  in  these  investigations.  I  would  here  caU  attention  to 
this  point ;  because  nothing  would  be  easier  than  to  make  short 
work  of  such  cases,  by  saying  that  the  safety-valve  must  either 
have  "  stuck  or  jammed,^^  or  otherwise .  must  have  had  additional 
weight  put  upon  it  at  the  time.  This,  in  fact,  was  the  conclusion 
oome  to  by  three  practical  engineers  of  the  highest  eminence,  who 
agreed  to  deliver  to  the  coroner's  jury  a  joint  report  on  this  case. 

This  sticking  and  jamming  of  safety-valves,  is,  in  any  case  what- 
ever, so  extremely  improbable,  that  a  resort  to  this  explanation, 
without  actual  proof  of  its  existence,  is  much  to  be  reprehended. 
In  this  particular  case,  it  is  true  the  safety-valve  was  found  broken 
off  and  blown  to  a  considerable  distance,  having  its  spindle  some- 
what bent,  and  it  had  been  wrapped  with  a  certainly  improper 
packing  of  hemp ;  but  even  if  the  bending  of  the  spindle  had 
been  done  previously  to  the*explosion  (which  was  in  the  highest 
degree  improbable),  the  '^sticking"  thereby  created  in  the  packing,  * 
c6uld  not  have  added  many  pounds  per  square  inch,  to  the  resist- 
ance oJBPered  to  the  free  escape  of  the  steam.* 


'*^NOTB  BT  AS  BMINRNT  OOYRRITURNT  BKGIKRRR. 

"  I  fear  that  it  is  difficalt  to  say  what  atnAnot  of  force  is  safficient  -to  raise  a 
Bafetj-yalve  whose  spindle  is  beut,  and  therefore  I  woald  saggest  that  '  a 
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Kot  a  much  better  Btalking-horse  ihan  thiB  tmiversal  sticking- 
point  is  the  oziminal  overloading,  or  *^  Tnaking-faaf  the  safety- 
valve.  Any  imputations  of  this  kind  without  the  most  clear  and 
podtive  evidence,  both  direct  and  circumstantial,  is  simply  begging 
the  whole  question.  There  is  very  rarely,  except  in  the  case  of 
loisomotives,  any  inducement  to  do  any  thing  of  the  kind,  but  very 
frequently  the  contrary,  as  was  very  likely  to  be  in  the  case  before 
us.  For  the  engine  had  not  stated,  and  from  the  proved  careful 
Labits  of  the  engineman  who  was  killed  by  the  explosion,  it  is 
much  more  probable  that  he  opened  or  eased  the  safety-valve,  by 
removing  all  or  part  of  the  load  upon  it,  and  my  firm  conviction 
^was,  at  the  tim^  that  he  did  so,  and  that  the  boiler  blew  up  on  the 
instant^  or  in  a  few  seconds  afterwards. 

DSFfpiEKCY  OF  WATEB. 

In  the  Jersey-street  boiler,  as  well  as  in  that  at  Cross-lane,  might 
be  seen  distinct  traces  of  the  water  having  been  too  low.  There 
-were  certain  marks  left  by  the  sedimentary  deposits  all  around  the 
interior  of  the  boiler,  showing  the  high  and  low- water  marks. 
These  indelible  water  lines  gave  evidence  unmistakable,  that  the 
water  had  been  too  low.  Since  my  attention  was  first  directed, 
many  years  ago,  to  these  peculiar  high  and  low  water  deposit 
marks,  I  have  personally  inspected  the  internal  condition  of  many 
liimdreds  of  steam-engine  boilers,  and  I  have  missed  no  opportunity 
of  testing  the  accuracy  of  these  indications  of  water-level,  by  a 
reference  to  other  well  ascertained  facts,  and  have  found  that 
mutual  accord  which  was  to  have  been  expected. 

In  the  Jersey-street  boiler,  some  of  the  most  distinct,  and  pro- 
"bably  the  most  recent  of  those  water-marks  were  within  twelve 
inches  of  the  boiler  bottom,  at  which  j^pint,  and  at  least  an  equal 
distance  below  the  proper  level,  it  is  extremely  probable  the  sur- 

measare'  be  not  assigned.  ''  I  know  a  very  serions  case  of  niptare  of  a  new 
boiler,  attended  with  loss  of  life,  whicfi  was  solely  attribatable  to  a  bent  spindle,  in 
my  opinion,  *  *  -  *  bat  I  mast  confess  that  this  oondnsion, — mine  as  well 
as  yonra,  being  matter  of  opinion,  simply — ^might  be  taken  indifferently,  accor- 
ding to  the  notion  of  the  reader. 

"  I  agree  with  you  that '  sticking*  of  safety-Yalves,  properly  so  called,  is  ex- 
tremely improbable." 
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face  of  thevvvater  was,  when  the  explosion  took  place.  Now,  it  is 
to  a  deficiency  of  tvaier  to  this  extent,  combined  with  a  sudden  opening 
of  the  safety-valve,  causing  a  rapid  ebullition,  and  a  spreading  of  the 
water  over  the  superheated  side  of  the  boiler,  "that  I  principalh/  aUri- 
bute  the  frequency  of  explosions. 

• 

COMPABISON  OF  THB  AMERICAN  EXFEBIHENTAL  EXPLOSIONS 

WITH  ACCIDENTAt  EXPLOSIONS. 

We  may  now  return  to  the  American  experiments;  with  the 
advantage  of  the  illustrations  aflForded  by  the  two  Manchester 
explosions,  in  which,  in  the  words  of  the  committee,  the  "  sort  of 
bursting"  produced  in  each  case,  was  precisely  of  the  same  kind. 

In  the  American  report,  speaking  of  the  iron  boiler,  it  is  stated 
that  "the  explosion  tore  off  one  of  the  heads  b  c  (Fig.  95,)  of  the 
cylinder,  projecting  the  other  parts  of  the  boiler  in  an  opposite 
direction,  carrying,  with  them,  a  portion  of  the  distance,  the  iron 
cylinder  forming  the  fiimace,  and  scattering  the  fiiel  in  every 
direction. 

"The  Report  attending  the  explosion  resembled  that  from  a 
small  mortar  fully  charged ;  the  steam  mixed  with  the  smoke  was 
not  considerable  in  quantity,  and  few  marks  of  water  were  to  be 
seen.  The  boiler-head  was  thrown  fifteen  feet,  the  boiler  and 
spring  register  about  six  feet,  and  the  furnace,  weighing  about 
forty-five  pounds,  was  overturned  and  carried  four  feet.  The 
pressure  indicated  by  the  register  was  eleven  and  one-fourth  atmo 
spheres,  (about  154  lbs.  per  square  inch.) 

"In  examining  the  boiler,  it  appeared  th|it  the  head  b  which 
was  thrown  ofl^  had  first  struck  against  the  iron  furnace,  which, 
had  deflected  it  outwards;  this  is  shown  by  the  indentation  c  ia 
the  figure.  This  head  was  forced  off  all  around,  in  the  line  of 
rivets  which  attached  the  head  to  the  boiler,  the  metal  remaining 
between  the  rivets  being  less  than  the  space  occupied  by  them." 
•  The  accompanying  Fig.  (96)  will  give  an  accurate  idea  of  the 
appearance  of  the  boiler  after  its  rupture. 
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LOSS  OF  WATEB  BY  BLOWING  OFF  AND  LEAKAGE. 

The  committee  then  goes  on  to  give  the  details  of  an  experi- 
ment with  a  cio^pper  boiler  of  the  same  diameter,  and  of  similar 
constraction,  which  was  exploded  by  a  pressure  supposed  to  be  of 
about  sixteen  atmospheres,  after  having  failed  in  the  first  attempt 
owing  to  leakage,  as  in  the  former  case.  The  sound  or  report  was 
stated  to  be  like  that  from  an  eight-inch  mortar.  The  copper  was 
torn  from  the  beads,  unrolled,  and  irregularly  bent ;  adhering  to 
the  heads^  for  only  a  short  distance,  as  shown  in  the  cut  (Fig.  96,) 
and  the  heads  were  bent  outwards.  The  thickness  of  the  copper 
at  the  line  of  rupture,  varied  from  *025  to  *035,  say  about  1-S2  of 
an  inch. 


Fig.  96. 


The  description  of  the  above  carefully  recorded  experimental 
explosions,  shows  that  the  steam  was  allowed  to  rise  gradually,  in 
both  cases,  until  the  boilers  gave  way.  This  gradual  and  %Um  in- 
crease  in  the  pressure  of  the  steam,  tua€  in  great  part,  caused  by  UkC 
hales  impossible  to  be  avoided  in  the  riveting,  of  such  very  thin  boilers  ; 
a  circTunstance  which  enables  us  to  compare  these  experiments 
with  other  experiments  at  boilers  under  different  circumstances, 
but  in  very  similar  conditions  as  to  leakage  of  water  and  steam, 
which  we  so  frequently  meet  with  in  ordinary  practice.  A  not 
very  dissimilar  condition  is  that  of  the  continued  escape  of  steam, 
from  the  safety-valve  or  otherwise,  and  the  consequent  loss  of 
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water  dui^g  the  time  an  engine  is  standing,  and  tlie  force-pump 
not  at  work,  such  as  has  been  already  described  in  speaking  of  the 
Cross-lane  explosion.  Another  instance  is  the  case  of  a  locomo- 
tive when  running  on  a  railway  with  the  steam  either  blowing  o^ 
dr  being  continually  consumed  by  the  engine  at  a  pressure  or 
strain  upon  the  iron  very  much  greater  than  either  of  the  Man- 
chester explosions  we  have  described,  but  with  this  important 
difference,  that  while  the  locomotive  is  running,  the  full  supply  of 
water  is  easily  kept  up.  In  nearly  aU  explosions  of  locomotives 
that  have  hitherto  occurred,  which  have  been  very  few,  and  of  these 
only  a  very  small  number  have  taken  place  while  the  engine  was 
running,  there  has  been  always  good  reason  for  assuming  a  defic* 
iency  of  water  in  the  boiler. 

There  is  another  condition  that  admits  of  a  comparison  with  the 
American  explosion,  and  which  is^  perhaps,  the  most  important  of 
any  yet  enumerated.  It  is  the  condition  of  an  ordinary  stationary 
boiler  when  the  water  surface  is  aUowed  to  become  too  low  from 
unseen  leakages  at  the  hv^er  part  of  the  boiler  at  certain  times 
when  the  engine  is  standing,  and  consequently  the  feed-pump  not 
at  work.  It  will  be  well  to  bear  all  particulars  of  frequent  undue 
leakage  in  mind  for  future  application,  as  they  have  an  important 
bearing  on  the  general  subject  of  boUers  in  other  respects  besides 
those  above  named,  and  they  have  been  entirely  overlooked  by 
the  American  committee. 

It  appears  that  both  the  American  boilers  exhibited  proofs  of 
the  water  having  been  too  low  at  the  -moment  of  explosion. 
Speaking  of  the  copper  boiler,  the  report  says : 

''  The  marks  of  the  sediment  remained  in  the  boUer,  and  indl? 
cated  that  the  water  was  about  an  inch  deep  when  the  boiler' 
exploded."  Much  more  steam  being  formed,  and  more  water  left^ 
at  the  moment  of  explosion,  in  the  copper  than  in  the  iron  boiler. 
It  was  also  observed  that  the  steam  increased  "more  rapidly  as  the 
quantity  of  water  diminished,'^  and  the  committee  add  the  follow- 
ing remark  as  a  conjecture : 

'^It  is  possible  there  may  be  a  relation  betvxen  the  epace  occupied  by 
iliS  water  and  that  in  which  the  steam  is  formed,  rnost  favorable  to  the 
production  of  steam^  and  when  this  was  attained  a  rapid  rise  of  elas- 
ticity took  placeJ^ 

It  is  much  to  be  regretted  that  no  farther  experiments  were  in* 
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fltitiited  in  the  direction  of  this  sagacious  snggestioa.  ^The  com-  . 
mittee,  however,  were  under  the  necessit j,  from  the  nature  of  their 
instructions,  of  investigating  some  particular  averments  of  Mr. 
Perkins,  together  with  some  episodical  refinements  that  seemed  to 
have  little  connection  with  the  great  facts  they  were  in  quest  oC 
In  reading  the  above  passage  in  italics,  in  the  report,  and  knowing 
that  this  branch  of  the  inquiry  ended  there,  it  is  difficult  to  help 
lamenting  that  it  is  as  if  Columbus  hsA  turned  back  when  he  was 
within  sight  of  land.       , 

Nothing  remarkable  occurred  previous  to  the  instant  of  the  ex- 
plosion o€  the  copper  boiler,  and  the  members  of  the  committee 
employed  in  the  experiments  were  engaged  in  observing  the  boiler 
at  the  instant  it  exploded.    When  "  a  dense  cloud  of  smoke  and 

flame,  capped  by%team,  rose  from  the  pit,*  the  stones  and  combus- 

-I  p—  ■  p  ■ 1 ,    1 1  ■     I       I     II      I  ^^p^» 

*  J^cplonon  at  Brookes* s  Flax  MUl,  BoUon,  July  1, 1844. — Although  some 
of  the  coDclasions  arrived  at  in  the  American  report  may  admit  of  exception, 
tridences  tending  to  corroborate  the  generi^  accuracy  of  the  committee's  ob- 
servations ought  not  to  be  withheld.  So  far  as  two  or  three  instances  of  ex* 
plosions  go,  I  have  had  an  opportunity  of  witnessing  those  appearances,  which, 
to  my  mind  at  least,  confirm  the  description  given  by  the  committee.  As  one 
example,  I  may  refer  to  the  explosion  of  a  large  boiler  at  the  flax  spinning- 
mUl  belonging  to  the  late  John  Brookes,  Esq.,  in  Little  Bolton,  Lancashire, 
which  I  personally  witnessed,  at  the  distance  of  about  three  hundred  yards 
from  the  mill,  to  which  I  was  then  on  my  way  when  the  accident  took  place. 

First,  a  column  of  dust  arose  to  a  considerable  elevation,  in ^which  some  of 
the  timbers  of  the  roof  of  the  building  which  enclosed  the  boiler  were  seen 
flying  in  different  directions.  T%en  arose  a  cloud  of  smoke,  which  spread  out 
above  in  a  large  black  canopy.  Through  this  a  column  of  steam  and  water 
shot  up  to  a  very  great  height,  which  dispersed  in  moderately-large  drops,  like 
a  shower  of  rain,  iu  the  direction  of  the  wind,  and  to  the  distance  of  about 
flftr  or  five  hundred  yards  Irom  the  mill.  At  the  same  time,  as  a  column  of 
steam  continued  rising  from  another  boUer  in  connection  with  and  nearly  ad- 
joining the  one  that  burst,  for  about  half  a  minute,  and  as  the  lower  part  of 
the  cloud  of  smoke  and  dust  began  to  clear  away,  flames  commenced  making 
their  appearance,  arising  from  a  high  building  adjoining  that  which  had  been 
blown  up  along  with  the  boiler, — and  which,  in  fact,  as  I  afterwards  found,  had 
been  set  on  fire  by  the  burning  coals  from  the  furnace  of  the  exploded  boiler 
being  driven  in  through  the  windows  of  the  lower  story  of  the  building. 

The  boiler  was  of  the  wagon  form,  about  27  feet  long  by  9  feet  wide,  and  10 
feet  deep,  weighing  probably  about  10  tons,  and  called  40-horse  power.  The 
lower  portion,  reaching  up  to  the  top  of  the  side-flaes,  about  three-fourths  of 
the  whole,  was  thrown  in  a  single  mass  to  about  20  yards  from  its  seat :  while 
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fibles  "were  widely  scattered,  and  the  boiler  was  thrown  in  a  single 
mass  about  15  feet  from  the  ftimace." 


the  npper  or  semicircnlar  portion,  together  with  the  steam-pipes,  safety-valve, 
nozzles,  and  other  attachments,  were  thrown  to  a  great  height,  and  fell  in  the 
adjoining  'street,  the  g^round  of  which  was  at  an  elevation  of  more  than  20 
fiBot  above  the  level  of  the  seat  of  the  boiler. 

^ 

The  circumstance  in  which  this  Bolton  explosion  differed  from  those  in  the 
American  experiments  is  remarkable, — ^that  is,  in  the  report  or  sonnd  pro- 
duced. For  if  the  report  produced  by  the  bursting  of  a  very  small  boiler,  only 
10  mches  Umg  hy  8  inckes  in  diameter ^  was  like  that  from  the  discharge  of 
a  cannon,  what  might  we  not  expect  from  the  explosion  ef  a  boiler  27  feet  by 
9,  or  about  5,000  times  larger  1  But  the  fact  is,  that  neither  myself  nor  a 
friend  whom  I  was  in  conversation  with  at  the  time,  heard,  any  r^^ori  cftkat 
hind  at  all,  but  only  a  rumbling  sound,  such  as  might  ||e  supposed  to  arise 
from  the  cracking  of  the  roof-timbers,  the  falling  of  the  building,  and  the 
blowing-off  of  the  steam  from  the  other  boiler,  which  had  been  working  in 
connection  with  the  one  that  exploded.  There  was  a  low,  continued  rumbling 
noise,  as  described  by  some  who  were  nearer  to  the  scene  of  the  explosion 
when  it  commenced,  but  it  was  certainly  not  Umd,  and,  indeed,  scarcely  audi- 
ble to  us  at  the  distance  before  mentioned,  although  our  attention  was  par- 
ticularly directed  to  the  cloud  of  dust  and  smoke  which  arose  from  the  mill. 
It  being  not  a  little  remarkable,  also,  that  the  subject  of  our  conversation  at 
the  time  was  the  deterioration  to  boilers  from  incrustation,  and  increased  lia- 
bility to  accident  from  working  higher  pressure,  which  had  then  recently  been 
adopted  at  this  very  mill  on  account  of  attempting  to  work  the  engines  move 
expansively  on  the  Cornish  system,  but  without  the  strong  Cornish  boilers. 
The  destruction  in  this  particular  case,  in  my  opinion,  being  greatly  increased 
by  using  Mr.  'V^illiams's  patent  system  of  smoke-burning,  which  required  the 
keeping  of  a  thick  fire  (over  18  inches),  and|^  stream  of  cold  air  passing  up 
behind  the  fire-bridg^.  The  area  of  the  fire-grate  of  the  exploded  boiler  was 
about  60  square  feet,  consequently  it  Was  charged  at  the  time  of  the  explosion 
with  nearly  100  cubic  feet  of  burning  fuel.  The  efi^ect  of  the  sudden  disper- 
sion of  such  a  mass  of  fire  may  be  easily  conceived.  That  portion  of  the 
boiler-bottom  which  extendi  over  the  fire-place,  about  8  feet  square,  was 
torn  right  across,  nearly  in  a  straight  line  from  side  to  side,  exactly  at  the 
position  of  the  bridge,  besides  being  ripped  up  on  one  side  through  the  seat- 
ing-plates, and  across  the  front  end  at  the  angle  over  the  fire-door.  Thus  this 
large  portion,  being  liberated  on  three  sides  simultaneously,  it  was  doubled 
back  on  the  other  seating,  as  on  a  hinge,  or  like  the  flap  of  a  table,  thereby 
opening  out  a  hole  of  about  60  square  feet  in  area,  with  an  initial  pressure  of 
steam  at  about  20  lb.  per  square  inch.  And  immensely  reinforced  as  that 
pressure  would  be  by  contact  with  the  burning  fuel  in  the  frirnace,  it  is  not 
difficult  to  divine  the  great  fordb  of  the^explosion,  and  the  consequent  die* 
ftstreus  results  that  followed. 
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This  copper  boiler  was  rent  in  the  manner  shown  in  the  figure 
(fig.  96),  giving  way.  in  an  irregular  line  just  above  the  probable 
water-line  on  the  side  of  the  boiler,  but  not  conforming  to  it.  The 
lowest  points  of  the  two  heads  of  the  boiler  before  the  explosion 
were  at  d  and  4  (see  fig.  96,  page  299). 

CONTBABY    CONCLUSIONS    DBAWN    FBOM    THB    AMERICAN 

£XP£RIK£NTS. 

The  American  committee  conclude  their  remarks  on  these  ex* 
periments  generally,  by  observing  that  "all  the  circumstances 
attending  the  most  violent  explosions  may  occur  without  a  stidden 
increaae  of  pressure  within  the  boiler."  This,  no  doubt,  is  true  as 
a  possibiKty,  but  it  does  not  appear  to  me  to  express  correctly  the 
circumstances  usually  attending  explosions  in  practice.  The  com- 
mittee indeed  do  not  say  that  it  does  do  so,  but  such  a  conclusion 
is  a  natural  inference  from  their  averments.  My  experience,  how- 
ever, and  a  generalization  of  all  the  fiw5ts.which  have  come  under 
my  observation  during  a  large  practice  in  boiler-engineering,  con- 


My  first  impression,  on  witDessing  the  commeDcement  of  the  sceDC  jost  de- 
scribed, was  that  it  was  the  breaking  oat  of  a  fire,  and  that  indeed  was  the 
general  impression  of  great  numbers  of  the  people  in  the  streets  of  Bolton 
irho  were  making  their  way  to  the  scene  of  the  catastrophe,  nntil  met  by  the 
crowd  of  operatives  mshing  oat  of  the  gatei^of  the  factory  yard,  many  of 
them  cat  and  bleeding  from  the  efiects  of  the  broken  glass  windows  which  had 
been  driven  in  upon  the  workers  in  several  rooms  of  a  six-story  tfailding  sita* 
ated  close  to  the  boiler  hoase.  It  was  through  these  windows  that  the  barning 
coals  from  the  large  furnace  were  principally  driven  which  set  on  fire  the  ma* 
chioery  inside  the  mill,  where  the  consternation  and  rush  to  escape  was  very 
great,  as  may  easily  be  supposed,  there  being  in  the  whole  factory  abont  540 
people  employed  at  the  time. 

Respecting  the  pecnliar  sounds  or  reports  produced  by  boiler  explosions,  it 
maybe  stated  that  the  strangest  discrepancies  occur  in  the  statements  of 
professed  eye  and  ear  witnesses  of  this  and  similar  explosions.  For  instance, 
in  this  case,  more  than  one  party  testified  to  having  heard  the  report  more 
than  two  miles  ofi*,  like  that  from  the  discharge  of  an  immense  piece  of  ord- 
nance. All  the  London  papers,  true  to  their  character  of  exaggerators  of 
every  thing,  had  it  that  the  people  of  Bolton  were  suddenly  startled,  as  with 
a  loud  clap  of  thunder ;  and  some  of  them  sta^d  that  the  whole  tovm  wa§ 
alarmed  as  toith  an  earthquake  ! — yi  opinion  which  the  country  papers  also 
shared  after  the  London  newspaper  reports  reached  them.  B.  A. 
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duct  mft  to  a  different  conclusion.  My  opinion  ia,  that,  in  the  most 
violerU  exphsions  that  have  occurred,  there  is  always  a  concurrence  of 
circumstances  attending  (hem  which  show  that  a  sudden  increase  cf 
pressure  within  the  boiler  has  taken  phee,  either  at  or  immediately  be- 
/<yre  the  moment  of  explosion.  And  further,  that  without  such  con- 
current circiAostancea,  or  some  of  them,  the  explosion  would  not 
have  taken  place  at  all. 

COMPARISON  OF  CONCLUSIONS. 

If  we  bnefly  express  the  conclusion  of  the  committee  in  similar 
terms  to  those  used  in  the  enunciation  of  our  own  theory  it  amounts 
to  this,  namely,  that  all  the  circumstances  calculated  to  produce  an 
explosion  rmiy  '^ occur'*'*  without  an  explosion  taking  place.  While,  in 
opposition  to  this,  I  maintain  that  those  same  circumstances  cannot 
"occur"  sifnuUaneously  without  an  explosion  being  produced. 

Considering  both  these  conclusions  as  separate  propositions,  and 
one  or  the  other  to  be  proved  by  its  general  agreement  with  fiwts 
as  they  arise  in  other  cases  that  come  before  us,  we  may  begin  by 
taking,  as  an  instance,  the  first  experiment  with  the  iron  boiler  as 
given  by  the  committee.  Here  there  can  be  no  doubt  that  all  the 
circumstances  which  they  considered  to  be  necessary  to  cause  an 
explosion  existed,  and  yet  no  explosion  took  place.  We,  however, 
hold  that  no  sudden  increate  of.  pressure  took  place,  and  therefore 
it  was  that,  in  the  first  instance,  no  explosion  ensued.  Thus  we 
see  that  one  of  the  most  important  circumstances  is  wanting. 
Let  us,  however,  spe  what  all  the  facts  were,  by  which  circum- 
stances were  .so  constituted  as  to  fail  in  producing  the  explo- 
sion. In  the  first  place,  the  boiler  was  without  a  safety-valve, 
unless  the  leak  in  the  riveting  may  be  considered  as  having  the 
effect  of  an  imperfect  one.  Secondly,  the  water  surface  was  proved 
to  be  considerably tbelow  its  proper  level,  and  therefore  the  upper  por- 
tion of  the  sides  was  exposed  to  the  risk  of  becoming  overheated. 

Now,  here  are  facts  constituting  two  predisposing  causes, — ^the 
shutting  up  the  steam  and  the  deficient  depth  of  water.  But  the 
first  was  confessedly  imperfect,  the  leak  allowing  the  steam  to  blow 
ofl^  from  the  commencenjent  of  the  ex!periment,  so  fast,  that  it 
coidd  not  be  raised  to  the  bursting  pressure,  even  gradually, — ^not 
a  bad  illustration,  as  the  result  proved,  of  the  safety  of  a  badly 
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fitted  safety-valve,  or  one  in  bad  order,  not  tight.  And  the  other 
&ct,  we  may  also  sbow,  was  only  imperfectly  calculated  to  produce 
a  siidokn  increase  of  steanv-preasure,  in  the  only  way  that  such  a  thing 
can  be  conceived  to  be  possible ;  that  is,  by  the  water  left  in  the 
boiler  being,  by  some  impulse,  put  bodily  into  motion,  and  caused 
to  flow  over  the  overheated  metal.  That  the  overheating  of  the 
sides,  to  some  extent,  took  place,  there  is  no  reason  to  doubt,  al- 
though there  is  great  reason  to  doubt  that  the  quantity  of  water 
lefb  in  the  boiler  was  sufficient  for  overflowing  entirely  the  over- 
heated part,  even  if  such  impulse  had  been  given  to  the  mass  of 
water  as  would  have  arisen  from  a  slight  increase  or  enlargement 
of  the  leak,  and  which  a  little  increase  in  the  m>essure  from  a  more 
rapid  production  of  steam  would  have*|)roduced. 


CONCUBRKNCE  OF  CIRCUMSTANCES  ATTENDING  THE  FIRST 
EXPERIMENTAL  EXPLOSION. 

Kow  let  us  examine  what  changes  of  circumstances  were  made 
at  the  second  trial  with  the  iron  boiler,  when,  at  last,  an  explosion 
did  "occur."  The  report  states  that  the  boiler  was  "replenished 
with  water,"  and  we  may  safely  infer  that  it  would  not  be  scantUy 
replenished,  seeing  the  committee  considered  the  previous  deficiency 
to  be  the  cause  of  the  failure  of  the  first  experiment,  or,  at  least, 
one  cause  of  its  requiring  to  be  repeated.  Then  the  boiler  was 
"  settled  hwer  into  the  fire,  which  was  again  urged,"  and  the  whis- 
tling sound  of  the  steam  through  the  leak,  which  before  had  in- 
creased, "seemed  constant."  Soon  after  this,  the  explosion  took 
place.  • 

Here  we  cannot  fail  to  remark,  that  the  two  main  circumstances, 
contributing  to  bring  about  the  explosion,  the  pressure  and  the 
low  water,  were  present  in  the  same  degree,  or  nearly  so,  as  on  the- 
first  trial;  although  the  pressure  might  be  a  litUe  higher,  and 
therefore  calculated  to  produce,. as  it  certainly  did  produce,  an 
enlargement  of  the  leak  or  fracture  in  the  riveting;  which  enlarge- 
ment, in  its  turn,  became  the  third  or  actuating  circumstance,  which, 
concurring  with  the  other  two,  caused  the  explosion  of  the  boiler 
to  take  place  on  the  second  trial. 

The  reader  who  has  followed  me  thus  far  will  now  be  in  a  posi- 
20 
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tion  to  enable  him  to  make  a  practical  application  of  thiB  leasoimig 
to  the  case  in  hand. 


PRACTICAL  APPLICATION  OF  PBfiCEDING  PBIKCIPLSS. 

Settling  the  boiler^  "lower  into  the  fire,"  besides  raising  the 
pressure  of  the  steam  higher  in  the  same  time,  would  also,  from 
the  increased  expansion  of  the  overheated  plates,  tend  to  diminish 
the  leakage,  thus  diminishing  the  waste  of  water  and  lowering  the 
water-level  more  slowly,, consequently  giving  more  time  for  the 
sides  to  acc[xure  an  imdue  degree  of  heat  from  the  nearer  proximity 
of  the  fire.  ^ 

The  proved  effects  arising  from  overheating  the  sides,  or  other 
parts  of  a  boiler,  to  a  temperature  of  from  400°  fo  500®,  are  now 
well  known  to  be — ^first,  the  repulsion  of  the  -v^ater  from  thb  over- 
heated surface,  producing  a  decreased  amount  of  steam ;  but  irame* 
diately  afterwards,  as  the  temperature  of  the  metal  is  reduced 
down  to  the  point  of  maxim,^  vaporization,  or  a  Uttle  bdow 
400°,  by  atiy  iking  causing  the  waier  to  flow  over  the  overheated 
parts,  a  su^iden  and  greatly  increased  production  of  steam.  Now, 
had  there  been  a  safety-valve  attached  to  this  experimental  boiler, 
and  had  it  been  suddenly  opened  either  by  the  pressure  of  the 
steam  or  by  design,  this  flowing  of  the  water  over  the  sides  would 
have  taken  place,  according  to  the  theory  here  enunciated,  pre> 
eisely  in  the  same  manner  as  it  was  in  reality  produced  by  a  sucUkn 
enlargement  of  the  leak  or  defect  in  the  riveting ;  and  from  which 
the  rent  or  rupture  of  the  whole  boiler  might  have  proceeded 
instantaneously.  The  enkrgement  of  the  leak  in  this  case,  which 
a  slight  increase  of  pressure  was  sufficient  to  effect,  may  in  fact 
be  compared  to  the  puUing  of  the  trigger  of  a  gun  overcharged, 
ahd  ready  to  go  off.  Thus,  also,  according  to  my  views,  a  good 
safety-valve,  if  brought  into  action,  would  have  accelerated  the 
explosion  of  this  boiler,  or  rather  have  caused  it  to  take  place 
during  the  first  trial.  The  opening  of  any  ordinary  induction* 
valve  for  blowing  through,  for  the  purpose  of  starting  an  engine, 
or  any  other  sudden  liberation  of  the  steam,  from  any  cause  what- 
ever, would  have  had  the  same  effect.  Any  thing  in  fact  tending 
to  a  disturbance  of  the  equilibrium,  or  level  of  the  water  inside  the 
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boiler,  would  have  answered  the  pturpose.  This  disturbance,  we  are 
bound  to  believe,  was  effected  by  the  rending  of  the  boiler  at  the 
leaky  or  defective  seam  of  rivets  on  the  second  trial,  which  caused 
the  rise  of  the  water-level  over  the  hot  metal,  and  a  consequent 
sudden  production  of  steam,  by  which  the  explosion  of  the 'boiler 
was  finally  produced. 

RECAPITULATION 

Bespecting  the  peculiar  phenomena  relating  to  the  repulsion 
which  takes  place  between  highly  heated  metal  and  water,  known 
of  late  years  as  the  "spheroidal  condition  of  water,"  and  which  I 
consider  one  of  the  comer  stones  of  my  theory  of  explosions,  I 
speak  more  fully  in  the  accompanying  note.*    The  following  is  a 

*  Th^  ''Spk&roidal  Condition:*  of  Water. ^The  term  ''spheroidaV'  was,  I  be- 
lle?e,  first  applied  some  years  ago  to  that  particular  coadition  water  is  in  when 
repelled  from  a  hot  surface  ia  the  form  of  roundish  drops,  by  Mr.  J.  E.  Bowman, 
then  Professor  of  Chemistry  at  the  Royal  Institution,  Manchester,  and  since 
of  King's  College,  London.  This  was  on  the  occasion  of  his  reading  a  lecture 
on  the  subject  of  8team*boiler  explosions,  in  the  above  institution,  in  the  course 
of  which  he  was  the  first,  perhaps,  in  this  country,  to  give  an  account  of,  as  well 
as  to  show  experimentally  some  of  those  remarkable  properties  pf  water  and 
other  liquids  when  projected  into  red-hot  vessels,  since  made  popular  by  some 
curious  performances  at  the  meetings  of  the  British  Association,  and  more 
recently  at  the  British  Institution,  by  M.  Boutigny,  of  Evreuz,  in  France. 

This  gentleman,  who  had  been  some  years  engaged  in  the  prosecution  of  re* 
searches  connected  with  the  subject,  was,  notil  the  delivery  of  Mr.  Bowman's 
lecture,  abore  referred  to,*  and  its  subsequent  publication,  generally  supposed 
to  be  the  first  who  had  attempted  to  "  accoua4  foy plosions  on  the  supposi- 
tion that  water  in  them  passes,  under  certain  circuiS stances,  into  the  sphero- 
idal state."  Sufficient  evidence,  however,  was  furnished  to  Mr.  Bowman  on 
that  occasion,  that  I  had  been  many  years  well  acquainted  with  the  principle 
ef  the  spheroidal  condition  of  water  in  boilers,  its  tendency  to  create  priming 
and  to  promote  explosions,  although  I  had  never  thought  of  giving  it  that  or 
any  other  distinctive  appellation.  That  I  had  several  years  prior  to  its  no 
doubt  independent  discovery  by  M.  Boutigny,  also  applied  it  to  account  for 
some  of  the  explosions  of  steam-boilers,  was  a  fact  which  Mr.  Bowman  very 
handsomely  acknowledged  both  in  his  lebtnre,  which  was  followed  by  a  public 
disc'JSsioD  on  the  subject,  and  also  in  his  pamphlet,  by  quoting  at  length  passages 
eontaining  evidences  thereof  from  a  pamphlet  of  mine,  published  in  1836-37. 
An  Instance  of  liberality  and  justice  so  honorable,  though  rare,  among  scien- 

*  '^Od  Mpia  romarluble  properties  of  water  and  other  fluids,  with  reference  especially  to  the  canneii 
and  preTention  €f  iteaiD-boQer  ezpIosloiiB.^*    By  Jofao  Eddoves  Bo^i'man.   Iiondon:  J.  W.  Plfker,  1S45. 
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recapitulation  of  the  circumstances  already  mentioned  as  among 
the  most  prominent  causes  of  boiler  explosions. 

tific  writers,  that  I  cannot  omit  this  opportunity  of  publicly  acknowledging 
it.  And  I  may  here  notice  the  fact  that,  althongh  partly  printed  in  1836,  my 
book  was  written  and  the  manuscript  perused  by  several  friends  nearly  three 
years  before  that  time.  The  complete  application  of  the  discovery  to  the 
theory  of  explosions  was  in  reality  made  by  me  previous  to  1830,  when,  in  con- 
junction with  my  then  partner,  Mr.  Henry  Wright,  engineer,  of  Manchester, 
I  made  application  for  a  patent,  embodying  the  principle  of  the  repulsion  of 
water  from  over-heated  boiler  bottoms  and  front  tube-plates  of  locomotives  be- 
ing one  cause  of  the  priming  of  steam-boilers,  as  well  as  causing  explosions. 
During  the  years  1831  and  1832,  it  is  quite  notorious,  in  Manchester,  that  I 
frequently  exhibited  the  principal  experiments  relative  to  it^  in  explanation  of 
the  bursting  of  boilers.  Small  glcua  boilers  were  purposely  exploded  with  that 
view  in  the  presence  of  well-known  parties  in  numerous  instances. 

The  simplest  mode  in  which  those  unused  to  experimenting  may  most  coo- 
reniently  at  any  time  readily  demonstrate  the  "  spheroidal  condition  of  water," 
18  that  of  heating  the  bowl  of  a  large  teaspoon  over  the  flame  of  a  candle  until 
water  runs  off  without  wetting  it.  Then,  by  the  aid  of  a  dropping  tube,  or  a 
quill,  or  any  other  means  of  measuring  into  the  spoon  successive  drops  of  water 
of  the  same  size,  the  leading  facts  of  the  repulsion  of  liquid  in  the  form  of  beads 
or  bpheroids  become  very  apparent.  Thus  a  moderately  small-sized  bead  or 
globule  of  water,  when  the  spoon  is  very  hot,  will  be  observed  to  rotate  rapidly 
on  its  axis,  all  the  while  moving  quickly  about,  supported  by  a  thin  film  of 
steam,  and  occupying  half  a  minute  or  more  perhaps  before  it  is  entirely  evap« 
orated.  If  now,  without  re-heating  the  spoon,  and  while,  in  fact,  it  is  ra/pidly 
cooling,  we  place  another  drop  of  water  of  exactly  the  same  size  in  the  same 
position  as  the  first,  it  will,  after  assuming  the  same  spheroidal  appearance, 
rapidly  diminish  in  size,  and  evaporate  entirely  away  in  two  or  three,  or,  at 
most,  in  a  very  few  seconds.  A  third  drop  so  placed  will.be  found  generally 
to  disappear  in  less  tfaan||on%  second ;  or,  if  the  experiment  be  carefdlly 
managed,  the  last  drop  will  be  made  to  vanish  instantaneously  and  without 
assuming  the  globular  or  spheroidal  form.  The  temperature  of  the  metal  of 
which  the  spoon  consists  will  then  of  course  be  that  of  maximum  yaporization, 
and  which  is  usually  found  to  be  considerably  under  400^  Fah.  By  the  Ameri- 
can experiments  it  was  found  to  be  about  350°,  and  the  temperature  of  perfect 
repulsion  of  drops  of  water,  projected  into  an  iron  bowl  a  quarter  of  an  inch 
thick  was  405°.  The  committee  also  refer  to  a  series  of  experiments  by  Pro- 
fessor Johnson,  who  places  the  maximum  evaporating  poiift  at  between  ZM? 
and  320°,  and  in  their  general  view  of*  the  facts  detailed,  state  that  the  repul- 
sion between  the  metal  and  the  water  is  perfect  at  from  20°  to  40°  above  the 
point  of  maximum  vaporization,  at  which  temperatures  the  water  does  aot  wet 
the  metal. 
Some  of  the  conclusions  arrived  at  by  the  committee  are  as  follows : 
1.  Theii^mperature  of  maximum  vaporization,  both  in  copper  and  iron,  is 
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Ftrstj — The  overheating  of  the  boiler  bottom  or  sides,  or  the 
tops  of  the  internal  flues  or  furnaces,  which  may  be  brought  about 
by  the  water  level  becoming  accidentally  too  low.  The  bottom  of 
the  boiler,  however,  may  become  overheated  from  many  causes 
without  any  undue  depression  of  the  water  leveL  One  is  the  in- 
terposition of  indurated  sediment,  fiirr,  or  scale,  between  the  water 
and  the  metaL    Another  is  the  operation  of  a  powerful  blast  or 

lower  as  the  sarfaoe  of  the  metal  iB  smoother,  and  the  amount  of  vaporisatioo 
in  a  given  timd  is  mnch  diminished. 

2.  The  temperatures  of  maximum  vaporization,  for  copper  and  iron  in  similar 
states  of  surface,  differ  between  30^  and  40°,  the  iron  having  the  higher  point. 

3.  The  time  of  vaporization,  at  the  maximum,  is  less  in  the  copper  than  in 
the  iron,  in  the  ratio  of  about  2  to  1,  probably,  nearly  in  the  ratio  of  the  con- 
ducting powers  of  the  two  metals  for  heat,  which  are  as  2^  to  1.  (See  Ameri- 
can Beport,  page  47.) 

It  must  be  observed  that  the  above  resalts  are  from  drops,  or  small  quanti- 
ties, of  water,  under  atmospheric  pressure  only.  Aiydl,  however  interestiDg  they 
may  be  in  a  philosophical  point  of  view,  they  cannot  be  said  to  touch  the 
practical  question  of  the  effect  of  large  quantities  of  water  brought  suddenly 
into  contact  with  hot  metal,  in  producing  explosions. 

Accordingly,  some  experiments  with  cast-iron  bowls,  half  an  inch  thick,  con- 
taining large  quantities  of  water,  placed  over  charcoal  fires,  indicated  that  the 
highest  point  of  greatest  evaporation  was  placed*,  at  least,  about  200°  below  red 
heat  in  daylight,  and  in  the  most  favorable  circumstances,  varying  from  550" 
to  600°  Fah.  for  wrought  iron,  and  from  470°  to  526°  for  copper. 

In  the  course  of  the  experiments  of.  the  American  Committee,  it  was  ob- 
served that,  with  other  liquids,  alcohol  for  instance,  at  a  certain  temperature 
of  the  dish,  that  of  the  spheroid  became  stationary  at  169^°  or  170°,  (the  boil- 
ing-point b^ng  173^,)  and  that  it  could  not  be  raised  higher;  indeed  the  tempts 
rajture  of  tke  spheroid  became  lower  as  that  of  the  dish  was  higher.  In  my 
own  experiments,  that  point  not  appearing  to  me  then  to  have  any  direct  use- 
ful application,  I  had  only  generally  remarked  that  the  temperature  of  the  glo» 
bnle  of  water  must  be  lower  than  212^  from  the  fact  that  it  did  not  boil.  And 
it  IB  entirely  to  the  delicately  manipulated  experiments  of  Messrs.  Bowman  and 
Boatigny  that  wa  are  indebted  for  a  knowledge  of  the  fact,  that  the  tempera- 
ture of  a  spheroid  of  water  is  invariably  constant  at  205^,  or  7®  below  its  boiK 
ing-point,  however  hot  the  crucible  which  contains  it  may  be.  Thus,  also,  a 
spheroid  of  alcohot  always  stands  at  170^  or  3^  below  its  boiling-point;  one  of 
ether  is  always  5^  below,  or  95^;  and  liquid  etUphurotu  acid  which  boils  at 
14^,  never  reaches  so  high  even  as  that  low  temperature  when  in  the  sphero- 
idal state,  but  continues  far  colder  than  melting  ice,  even  though  the  crucibld 
in  which  it  lies  be  all  the  time  at  the  most  intense  white  heat.  It  was  on  thia 
principle  that  M.  Boutigny  contrived  the  feat  of  freezing  water  in  red  hot 
enicibles,  and  afterwards  that  of  handling  melted  cast-iron.  «  R.  A. 
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draught  through  the  fire,  \jr  which  such  a  quantity  of  steam  is  gen- 
erated  over  a  small  portion  of  the  boiler  bottom,  that  the  water  is  par- 
tially or  wholly  driven  away  or  repelled  therefrom,  in  the  "sphero- 
idal condition"  referred  to;  and  is  often  produced  by  currents  of  air 
for  smohe-buming  purposes,  admitted  in  an  injudicious  direction. 

Secondly, — The  giving  way  of  some  small-  portion  of  the  boiler, 
which  would  not  of  itself  constitute  an  explosion,  but  which  would 
be  sufficient, to  liberate  a  large  quantity  of  steam  or  water,  and 
create  a  sudden  disturbance  of  the  water-level,  which  circimistance 
concurring  with  the  other  conditions  named,  a  sudden  rise  in  the 
pressure  of  the  steam  would  result,  and  an  explosion  ensue. 

DEFECTS  FECULIAB  TO  BOILEBS   COMPOSED  OF  RIVETED  PLATES. 

Ordinary  observers  sometimes  make  the  remark  that,  in  com* 
parison  to  the  frequent  instances  of  boilers  bursting,  we  seldom 
hear  of  the  bursting  of  guns;  and  among  sportsmen,  never  perhaps 
unless  overcharged.  .  Without  noticing  the  truth  of  the  allegation, 
which  is  perhaps  not  quite  admissible,  there  is  one  circumstance 
which  renders  the  comparison  unfair  towards  the  boiler.  A  gun,— 
a  fowling-piece,  for  instance, — ^though  said  to  be  in  <J6nstant  use  for 
a  whole  day,  is  only  subject  to  pressure  for  a  fractioil  of  a  second 
at  each  discharge,  not  in  all  occupying  many  minutes,  whereas  the 
boiler  has  to  resist  the  pressure,  and  its  variations  continuously. 
The  general  cause  of  the  explosion  is  the  same  in  both  cases.  The 
boiler  like  the  gun  is  too  weak  for  the  charge  it  contains  at  the 
moment  of  the  explosion.  "Why  then,"  it  will  be  objected,  "can 
you  not  do  as  the  gunmakers  do — ^make  your  boiler  stronger,  with 
an  ample  margin,  for  covering  errors  of  calculation,  and  unseen 
defects  in  the  material;  and  then,  after  a  double  or  trebh  proof, 
ought  not  a  boiler  to  be  as  safe  at  least  as  a  gun?"  This  semi- 
military,  way  of  putting  the  question,  is  the  language,  and  conveyp 
the  notions,  not  of  military  but  of  many  civil-engineers  and  boUeX 
makers  of  the  highest  practical  talent,  and  therefore  deserves  a 
categorical  answer. 

In  the  first  place,  putting  out  of  consideration  cast-iron  boilers, 
because  they  are  now  seldom  or  never  used,  although  much  might 
be  said  in  their  favor,  I  answer  that  a  boiler  composed  of  plates  of 
WTought-iron  riveted  together,  and  overlapping  each  other  at  theii 


sxpiiosioxs.  311 

edgea>  is  in  a  very  different  condition  to  a  gun  or  cannon  composed 
of  one  nearly  uniform  piece  of  metal.  The  latter  quickly  acquires 
a  uniform  temperature  after  any  disturbing  cause,  and  a  more  imi- 
form  contraction  or  expansion  tlirougli()ut  its  whole  substance  is 
the  result  The  boiler,  however,  is  necessarily  exposed  to  much 
greater  inequality  and  extremes  of  temperature ;  it  is  consequently 
liable  to  correspondingly  greater  variations  of  expansion  and  con- 
traction ;  and  it  will  not  be  difficult  to  show  that  the  great  contrac- 
tion and  expansion  of  this  compound  and  complicated  structure  of 
plates  and  rivets  forming  the  boiler,  and  which  is  going  on  con- 
tinually while  the  boiler  is  at  work,  as  necessarily  tends  to  tear  it 
in  pieces,  even  without  milch  assistance  from  the  pressure  of  the 
steam. 

As  an  example,  in  order  to  illustrate  the  destructive  effects  pro- 
duced by  the  continually  varjring  expansion  and  contraction  going 
on  among  the  plates  of  a  riveted  boiler,  I  may  take  the.  conmion 
case  of  one  twenty  feet  long  by  six  feet  diameter,  with  the  fire 
under  its  bottom,  and  containing  an  inside  tube  or  flue.  Both 
,^  boiler  and  flue  being  composed,  as  is  usual,  of,  say  ten  rings  of 
plates  of  about  two  feet  long  each. 

Now,  on  the  first  application  of  the  fire  to  the  bottom  of  such  a 
boiler,  and  before  there  is  any  pressure  of  steam  at  all,  each  of 
these  plates  immediately  acquires  some  intermediate  temperature 
between  that  of  the  fire  outside  and  the  water  inside  the  boiler* 
These  two  temperatures  may  be  fairly  considered  to  average  about 
1500  and  100  degrees' respectively,  to  be^in  with.  The  external 
sur&ce  of  the  wrought-iron  plates  were  single,  and  the  whole  sub- 
stance of  the  outside  portion  of  the  plates  where  douhle  or  lapped 
over  the  other,  tending  to  the  higher,  and  the  inner  surface  of  the 
boiler  bottom  tending  to  the  lower  temperature.  The  consequence 
of  this  is  that  the  expansion  of  the  outer  exceeding  that  of  the 
inner  surface,  the  boiler  bottom  becomes  to  some  extent  convex 
ordward,  or  towards  the  fire  in  a  longitudinal  direction ;  thus, — 

Fig.  97. 


The  curvature  of  the  plates  is  purposely  exaggerated  in  this 
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figure  in  order  to  show  more  clearly  the  form  the  boiler  bottom 
tends  to  assume  theoreticallj,  and  not  its  extent^  on  the  application 
of  the  fire  every  time  the  steam  is  to  be  got  up ;  and  this  on  the 
assumption  that  the  jointly  of  all  the  plates  are  perfectly  and  firmly' 
riveted,  and  each  plate  of  exactly  equal  strength  throughout.  This 
however  may  be  considered  an  almost  impossible  condition  in 
practice.  There  is  always  some  one  or  other  of  the  seams  of  rivets 
less  capable  of  affording  resistance  to  the  immense  force  of  expan- 
sion than  the  rest,  and  these  parts  will  therefore  be  the  first  to  give 
way.  The  consequence  is  that  the  boiler  bottom  more  generally 
assumes  the  form  represented  in  Fig.  98. 

Fig.  98. 
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Should  there  be  any  pressure  of  steam  at  all  in  the  boiler,  and 
the  plates  be  of  equal  strength,  and  equally  acted  on  by  heat,  of 
course  the  point  of  greatest  depression  would  be  near  the  middle 
of  the  length  of  the  boiler.  The  greatest  heat,  however,  being  in 
the  vicinity  of  the  fire-bridge,  is  sufficient  to  determine  the  posi- 
tion of  this  point  at  the  nearest  seam  of  rivets  to  the  bridge ;  and 
there  in  fact  this  depression  is  usually  found.  When  permanent, 
it  is.  then  commonly  said  by  the  stoker,  ''  The  boiler  bottom  has 
come  down."* 


*  Although  this  expression  is  usual ly  applied  to  wagon-boilers,  the  case  is  in 
point  of  fact  one  of  coUapsey  similar  to  that  of  a  large  fire-tube  of  a  Cornish 
boiler.  The  subject  is  treated  on  more  at  length  in  my  "  Essay  on  the  Boilers 
of  Steam-Engines,"  1839,  page  241. 

As  this  work  has  been  several  years  out  of  print,  I  give  the  following. ex- 
tract from  a  second  e^ition^  which  I  have  had  some  time  in  preparation, 
together  with  an  additional  volume  of  "  Notes  and  Illustrations." 
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With  respect  to  the  extent  of  the  depression  liable  to  be  pro- 
duced from  this  cause.  If  we  take  the  difference  of  temperature 
between  the  external  and  internal  surfaces  of  the  boiler  bottom,  at 
600°,  and  allowing  iron  to  expand  at  "00007  of  its  length,  for 
every  10°  of  Fah^  or  -00007  x  60  =  -0035  of  its  length  for 
500°,  this  will  correspond  to  •84,  or  nearly  an  inch  of  expansion 
in  the  total  length  of  the  boiler  bottom  externally. 

The  immediate  action  of  the  fire  "is,  of  course,  to  bend  each 
plate  separately,  supposing  the  latter  to  be  clean.  But  a  boiler 
has  commonly  some  sediment  deposited  from  the  water,  and  any 
of  the  ordinary  deposit,  however  thinly  spread  over  the  bottom  of 
the  boiler,  being  a  very  bad  conductor  of  heat,  permits  the  tem- 
perature of  the  plates  to  rise  higher,  extending  through  their 
whole  thickness,  and  expanding  4he  plate,  in  some  cases;,  to  double 
the  amount  supposed  above.  This  condition  greatly  modiiSes  the 
heat  in  bending  the  plates,  which  become  more  extended  in 
length,  and  it  adds  considerably  to  the  curvature  of  the  boiler 
bottom.  Accordingly,  we  constantly  find,  at  particular  times,  a 
very  serious  deflection  of  boiler  bottoms  downwards  at  about  the 
middle  of  their  length.  'The  depression  commonly  admits  of  accu- 
rate measurement,  to  the  extent  of  a  quarter  of  an  inch  or  less,  by 


**  It  may  be  asked,  if  oar  theory  of  steam-boiler  explosions  be  correct,  how 
it  18  that  we  have  not  many  more  of  them,  as  the  causes  to  which  they  are  as- 
cribed may  seem  to  be  of  almost  every  day  occarrence  ?  The  answer  is,  that 
the  bursting  of  boilers  is  also  a  matter  of  ^very  day  occarrence,  to  an  amoaot 
which  the  public  generally  are  altogether  ignorant  of.  To  be  sare  these 
barstings  are  not  generally  called  explosions,  although  in  reality  they  are  so, 
being  different  only  in  degree.  It  woaid  not  be  difficult  to  prove  that  two  or 
three  of  these  minor  explosions  occur  in  Manchester  every  week ;  but  when 
no  Catal  consequences  ensue,  and  no  particular  damage  is  done  to  any  adjoining 
property,  of  course  the  circumstance  never  gets  into  the  newspapers,  and  no 
public  notice  is  taken  of  it. 

"  Usually,  the  affair  has  quite  another  name  when  it  occurs  with  a  wagon- 
boiler ;  it  is  then  said  that  the  "  boiler  bottom  has  come  down ;"  in  other 
words  the  concave  bottom  is  forced  down  into  a  convex  form,  and  sometimes 
the  sides  are  in  like  manner  forced  outwards,  about  the  middle  of  the  length 
of  the  boiler.  The  consequence  in  the  least  violent  of  these  cases  is,  that  the 
boiler  is  lifted  up  a  few  inches  from  its  seating  by  the  bottom  striking  upon 
the  top  of  the  fire-bridge.  We  also  usually  find  every  seam  of  rivets  violently 
strained,  so  that  the  water  runs  through  the  boile»  bottom  like  a  riddle 
although  there  is  seldom  a  bole  of  more  than  a  few  inches  in  area."     R.  A» 


814  HSCHANICJLL  ENQUirEERINa. 

placing  a  loose  brick  on  the  top  of  the  bridge,  jnst  a  little  out  of 
contact  with  the  plates.  And  it  regularly  takes  place  in  all  boilers, 
to  a  greater  or  less  extent,  every  morning  before  the  steam  is  up, 
and  before  there  is  any  pressure  whatever,  excepting  what  arises 
simply  from  the  weight  of  water  in  the  boiler. 

Very  little  observation  will  convince  any  one  that  the  peculiar 
aQtion  I  have  been  describing  really  takes  place.  The  ta/ct  is 
notorious  that  all  boilers  are  more  or  less  leaky  when  the  fire  is 
first  applied  to  them  for  getting  up  the  steam ;  possibly  the  leak  is 
80  minute,  in  some  cases,  as  to  be  ^scarcely  discernible ;  but,  gen« 
erally,  the  leakage  is  suf&ciently  apparent  w^en  there  is  a  clear 
fire  \mder  the  boiler. 

Now  it  is  well  known  that,  so  soon  as,  the  water  inside  the  boiler 
becomes  heated,  the  leakage  decreases^  and,  by  the  time  it  is  boiling, 
and  the  steam  begins  to  rise,  every  leak  in- the  boiler  bottom,  except 
those  that  are  running  a  full  stream,  is  stopped,  or  nearly  so.  The  • 
cause  is,  clearly,  that  the  heat,  so  soon  as  ebullition  in  the  water 
commences,  is  carried  off,  by  the  formation  of  steam,  from  the  inner 
surface  of  the  plates^  as  rapidly  as  it  is  transmitted  through  them 
from  the  fire ;  and,  therefore,  the  temperature  of  the  plates  jGalls^ 
or  becomes  uniform,  and,  consequently,  they  again  assume  their 
original  dimensions.  The  usual  expression  of  the*  stoker,  then,  is, 
that  the  leaks  have  ''taken  up,"  and,  by  the  time  the  steam  is  up, 
or  sooner,  the  boiler  is  "as  tight  as  a  bottle."  It  is,  however, 
the  boiler  bottom  that  is  "taken  up^^  by  contraction  and  an  equal- 
ization of  temperature  on  eaeh  side  of  the  plates.  I  am  aware 
that  this  result  is  commonly  ascribed  to  sediment  being  driven 
into  the  joints  of  the  plates  by  the  pressure ;  but  the  stoppage  of  • 
the  leaks  commences  before  the  steam  is  up,  and  the  same  phe- 
nomenon occurs  in  boilers  which  are  quite  new,  and  "wThich  contain 
no  sediment. 

So  far  as  a  leakage  of  the  kind  just  described  may  dindnish  the 
quantity  of  water  in  a  boiler,  it  is  obvious  that  it  will  be  generally 
inconsiderable.  A  constant  daily  repetition  of  this  process,  how- 
ever, causes  much  oxidation  of  the  iron  in  the  vicinity  of  the 
leaks  and  induces  weakness  in  some  particular  direction  across 
the  boiler  bottom,  which  ultimately  causes  large  openings  between 
the  plates,  and,  th^,  great  loss  of  water  results.  And  how  the 
Fudden  loss  of  a  large  quantity  of  water  in  a  morning,  or  at  other 
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times,  before  the  steam  is  up,  is  likely  to  end  in  a  violent  explosion, 
at  or  about  the  time  the  engine  starts  work,  will  be  ffofficiently  ap* 
parent  firom  the  explanations  already  given. 

HOW  CHANGE  OF  FOR^  PBODUOES  FftAOTURE. 

It  is  evident  that  a  greater  amonnt  of  expansion  and  contraction 
will  be  produced  at  those  joints  of  the  plates  which  are  immediately 
over  the  hottest  parts  of  the  fire  than  elsewhere.  Suppose,  for  the 
present^  that  the  whole  of  the  plates  in  the  boiler  bottom  are  heated 
uniformly ;  then,  since  the  ends  of  the  boilers  are  firmly  braced  to 
each  other  by  means  of  the  internal  fiue-tube,  as  well  as  by  the 
upper  half  of  the  cylinder,  neitfler  of  which  are  so  much  affected 
by  the  fire,  it  is  clear  that  the  expansion  of  one  part  of  the  boiler 
is  resisted  by  the  other  part.    The  greatest  strain  from  the  expan* 

Fig.  99. 


sion  of  the  boiler  bottom  will  be  at  the  angles  A  and  B  (Fig.  98.)  at 
which  points,  the  rivets,  (if  immovably  fast  in  the  angle-iron,) 
must  have  a  tendency  to  bend .  outwards  from  the  longitudinal 
thrust  of  the  plate  in  that  direction,  as  in  Fig.  99,  which  is  an  en* 
larged  representation  of  the  angle  B  in  Fig.  98.  The  plate  will 
also,  sometimes^  act  as  a  lever  in  wrenching  off  the  head  of  the 
rivet ;  or,  as  usually  happens,  by  successive  operations  of  this  kind, 
the  rivet-holes  in  the  plates  become  permanently  enlarged,  and 
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break  oat.  For  example,  so  booq  as  the  water  becomes  sofficienU; 
heated  to  cause  ebullition  to  conluneDce,  however  slightly,  the  tem- 
peratore  of  the  plates  immediately  falls  to  212°,' or  to  such  a  de- 
gree as  corresponds  with  the  boiling-point  at  the  time.  And  this  . 
point  being  attained,  of  comae  contraction  of  the  bottom-plates 
immediately  ensaes,  as  Ijefore  described,  co-equal  with  the  previous 
expansion.  The  thrust  at  the  end  rivets  now  becomes  a  drag  in 
the  contrary  direction,  or,  as  shown  by  the  positiou  of  the  lines  a  a 
and  6  i,  in  Fig.  99,  which  represent  the  directions  to  which  the 
varying  poeitioB  of  the  rivet  respectively  inclines,  according  as  it  ia 
acted  on  by  the  expansion  or  the  contraction  of  the  boiler  bottom. 

K  the  rivets  do  not  always  give  way,  they  enlarge  the  rivet- 
holes,  which,  by  this  alternating  (Ation,  beoome  oval  or  lengthened 
in  the  direction  of  the  strain,  and,  ultimately,  cracks  are  formed 
between  the  rivet-holes  and  the  edges  of  platef^  as  shown  in  Fig. 
100,  which  is  a  plan  or  top  view  of  Fig.  99. 

One  object  I  have  in  view  here  is  to  show  that  severe  strains 
upon  the  rivets  of  a  boiler,  arising  from  undue  expansion  and  con- 
traction, may  be  increased  by  the  thickness  of  the  plates,  and  that 
the  destruction  of  boilers  from  that  cause  is  not  confined  to  those 

Fig.  100. 


formed  with  angle-irons  and  flat-ends,  but  extends  also  to  those 
made  with  hemispherical  or  "egg"  ends,  which  are  ordinarily  con- 
sidered superlatively  safe  high-pressure  boilers.  Such  boilers  are 
usually  of  less  diameter,  and  are,  consequently,  of  greater  length, 
on  which  account  they  are  more  particularly  obnoxious  to  the 
defect  1  have  been  treating  o^  arising  &om  a  proportionably  in- 
creased amount  of  expansion  and  oontractioa. 
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As  a  practical  example,  I  shall  conclude  by  describing  a  boiler 
of  this  kind,  which  came  under  my  observation  a  few  years  ago  in 
London. 

This  boiler  was  three  and  a  half  feet  diameter  by  thirty  feet  long, 
and  set  up  with  the  ordinary  wheel-draughty  which  is  a  very  com- 
mon, though  a  very  improper  mode  of  setting  a  boiler  of  so  small 
a  diameter.  The  consequence  was,  that,  in  order  to'obtain  sufficient 
space  for  draught  in  the  side-flues,  the  brickwork  had  to  be  carried 
up  considerably  above  the  centre,  and  the  boiler  was  finally  covered 
over  with  brickwork;  'a  dangerous  practice,  tho^lgh  extremely 
common. 

The  reason  for  covering  boilers  in  this  way  is,  of  course,  to  re- 
tain the  heat,  which  it  certainly  does,  but  such  a  covering  may  bo 
very  detrimental  to  th^  durability  of  the  boiler.  Thus,  when  the 
fire  is  under  the  boiler,  the  temperature  of  the  boiler  bottom  may 
not  generally  be  more  than  about  250°,  while  that  of  the  side-flues 
cannot  be  less  than  500°  or  600°,  and  the  brickwork  resting  on 
the  top  of  the  boiler  is  seldom  less  than  850°  or  400°,  as  I  have 
frequently  ascertained,  and  of  course  the  iron  in  contact  with  it 
will  be  of  the  same  temperature,  except  so  far  as  the  heat  is  car- 
ried off  by  the  steam  in  contact  with  the  metal.  Now  here  may 
easUy  be  a  difference  of  200°  or  800°,  causing  a  considerable 
amount  of  expansion  in  the  top  of  the  boiler,  and  a  corresponding 
strain  upon  the  rivets  in  the  boiler  bottom.  But  supposing  the 
boiler  to  be  emptied  by  running  out  the  water  at  the  end  of  the 
week  for  the  purpose  of  cooling  and  cleaning  it  out,  or  of  cleaning 
the  flues ;  and  further,  for  the  purpose  of  cooling  it  quicker,  sup- 
pose that  a  quantity  of  cold  water  is  immediately  run  into  the 
boiler,  and  let  us  see  the  extent  of  the  evil  which  takes  place 
then.  The  hot  brickwork  will  retain  the  upper  half  of  the  boiler, 
upon  which  it  rests,  at  full  stretch ;  while  the  lower  half,  at  least 
so  £ar  as  the  cold  water  extends,  suddenly  contracts,  and,  instead 
of  200°,  we  may  have  a  difference  of  400°  between  the  top  and 
the  bottom  of  the  boiler,  equivalent  to  about  an  inch  in  the  whole 
leijgth  of  the  boiler. 

As  near  as  could  be  judged,  on  close  examination,  this  was  the 
precise  extent  to  which  several  openings  in  the  seam  across  the 
boiler  bottom  amounted  to  collectively.  One  or  two  of  .the  dis- 
located parts  becoming  jammed  and  retaining  their  positions,  per- 
mitted of  exabt  measurement. 
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This  gradual  disintegration  of  a  boiler  lias  no  doubt  been  fre- 
quently observed  by  others,  although  not  remarked  upon.  This 
particular  example  occurred  at  a  factory  where  it  was  the  custom 
to  dean  out  one  of  the  boilers  every  Sunday  morning ;  for  which 
*  purpose  the  stoker  commonly  filled  the  boiler  he  intended  to  clean 
immediately  after  letting  out  the  hot  water.  And  the  case  is  ad- 
duced as  an  example  of  those  oases  where  f8r  years  very  great 
expenses  were  incurred  in  repairing  and  re-making  the  boifers 
without  the  cause  of  the  defect  having  been  discovered.  Since, 
however,  that  practice  of  filling  the  hot  boiler  with  cold  water  has 
been  discontinued,  although  the  boilers  are  now  of  thinner  iron, 
larger  diameter,  and  worked  at  higher  pressure,  a  boiler-mender  is 
Boarcely  ever  required  on  the  premises. 

AMERICAN  EXPERIMENTS  ON  EXPLOSIONS, 

Made  by  order  6f  the^  Treasury  Department  of  the  United 
States,  in  which,  among  other  instructions  on  the  subject,  direc- 
tions were  given— 

"7b  observe  accurately  the  sort  of  hursting  produced  hy  a  gradual 
increase  of  pressure^  within  cylinders  of  iron  and  cojtper. 

"  It  has  been  -contended  by  some,  that  ruptures  produced  by  a 
gradual  increase  of  pressure  within  steam-boilers,  do  not  bear  the 
character  of  explosions,  but  that  a  mere  rending  takes  place,  giv- 
ing escape  to  the  contents.  This  has  been  assumed  to  be  especially 
the  case  with  copper  boilers.  To  make  the  observation  required 
by  the  above  question,  cylinders  of  iron  and  copper  were  prepared, 
of  sufficient  size  to  make  a  small  thickness  of  material  answer  for 
rending,  by  a  pressure  which  was  easily  attainable.  Two  experi- 
ments made,  one  with  an  iron  and  another  with  a  copper  cylinder, 
afforded  so  direct  an  answer  to  the  query  that  it  was  not  deemed 
necessary  to  carry  the  experiments  further,  especially  as  they  were 
•  tedious,  and  not  without  danger.  A  further  experiment,  of  the 
same  tenor,  resulted  ifrom  a  trial  of  Perkins's  assertion  in  regard  to 
the  effect  of  making  an  opening  in  a  vessel  containing  water  and 
Seated  to  a  high  temperature. 

"  The  boilers  used  were  cylindrical,  eight  and  a  half  inches  in 
diameter,  and  ten  and  twelve  inches  respectively  in  length,  of  iron 
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'02  inch  thick,  and  of  copper  "03  inch  thick,  having  iron  heads 
*06  inch  thick,  to  which  the  convex  surface  was  fixed  by  iron 
rivets,  placed  nearly  touching  each  othSr.  A  single  opening  in 
the  middle  of  one  of  the  heads  of  each  boiler  was  provided  to  in* 
troduce  the  water, 'and  was  furnished  with  a  screw,  into  which  to 
insert  a  tube  and  piston,  connected  with  a  small  spring  weighing- 
machine,  which  is  represented  at  a  in  the  cut  on  page  293.  Upon 
the  cylinder  of  this  machine  a  ring  was  placed,  which  was  movable 
along  the  cylinder  by  a  slight  pressure.  This  ring  was  forced 
towards  the  end  of  the  cylinder  nearest  to  the  boiler  head  as  the 
spring  was  bent ;  and  remaining  in  its  place  when  the  spring  re- 
laxed, served  to  register  the  maximum  pressure  to  which  the  piston  . 
had  been  exposed  previous  to  observing  it.  •  • 

''The  iron  boiler  was  placed  in  a  heavy  cylinder  of  wrought 
iron,  which  served  as  a  furnace,  the  axis  of  the  boiler  being  nearly 
horizontal,  and  that  of  the  furnace  cylinder  vertical.  The  boiler, 
having  been  half  filled  with  water,  wa3  placed  upon  a  fire  of  char« 
coal,  and  when  the  water  boiled  the  register-machine  for  the  pres- 
sure was  screwed  in. 

"  The  place  selected  for  the  experiments  was  in  a  deserted  quarry 
on  the  banks  of  the  Pennypack,  near  Holmesburgh.  ^The  high 
bank  served  as  a  protection,  by  the  aid  of  which  the  experiments 
were  viewed  with  little  danger.  A  wire  and  cord  were  attached 
to  the  head  of  the  boiler,  to  draw  it  from  the  fire  when  the  latter 
reqxdjred  to  be  replenished.*  A  leak  in  the  riveting  of  the  iron 
boiler  allowed  so  much  steam  to  escape  that  the  boiler  did  not 
give  way  on  the  first  triaL  As  soon  as  the  escape  of  steam  was 
observed  to  cease,  the  boiler  was  removed  from  the  fire  and  again 
half-filled  with  water.  The  fire  was  urged,  and  the  boiler  settled 
lower  into  it :  and  by  once  replenishing  the  fuel,  without  removing 
the  boiler,  an  explosion  was  produced.  Part  of  the  committee 
were  engaged  in  observing  the  progress  of  the  experiment  at  this 
moment.  The  fire  was  near  the  middle  line  of  the  boiler,  burning 
not  strongly  near  that  line,  but  very  rapidly  below  the  boiler. 
The  steam  issued  freely  through  the  leak  before  alluded  to,  and  the 
whistling  sound  which  it  produced,'  and  which  had  increased 
gradually  in  strength  as  the  experiment  progressed,  seemed  cq||- 
stant. .  The  length  of  time  during  which  the  steam  had  escaped 
showed  the  water  to  be  low,  and  induced  the  supposition  that  a 
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second  time  the  object  would  fail, — -when  an  explosion  occurred. 
The  explosion  tore  off  one  of  the  heads,  b  c,  of  the  cylinder,  pro- 
jecting the  other  parts  orthe  boiler  in  an  opposite  direction,  carry- 
ing with  them  for  a  portion  of  the  distance  the  iron  cylinder 
forming  the  furnace,  and  scattering  the  fuel  in  every  direction. 
The  report  attending  the  explosion  resembled  that  from  a  small 
mortar  (eprouvette)  fully  charged.  The  steam  mixed  with  the 
smoke  was  not  considerable  in  quantity,  and  few  marks  of  water 
were  to  be  seen.  The  boiler-head  was  thrown  fifteen  feet,  the 
boiler  and  spring-register  about  six  feet,  and  the  furnace,  weighing 
about  forty-five  pounds,  was  overturned  and  carried  four  feet 
The  pressure  indicated  by  the  register  was  eleven  and  a  quarter 
atmospheres. 

"  In  examining  the  boiler,  it  appeared  that  the  head,  h,  which 
was  thrown  oS,  had  first  struck  against  the  iron  ftimace,  which 
had  deflected  it  outwards.  This  is  shown  by  the  indentation,  b  c, 
in  the  figure.  This  head  was  forced  off  all  around  in  the  line  of 
rivets  which  attached  the  head  to  the  boiler,  the  metal  remaining 
between  the  rivets  being  less  than  the  space 'occupied  by  them. 
The  convex  surface  and  the  other  head  were  thrown  likewise 
against  thf  furnace,  and  the  head  indented  at  d  c,  overturning  the 
furnace  and  carrying  it  four  feet;  as  already  stated.  The  boiler 
finally  struck  agayist  the  side  of  the  bank  of  earth.  The  piston 
of  the  weighing-machine  was  somewhat  bent  in  the  experiment. 

"  The  circumstances  of  this  experiment  show  that  the  steam 
rose  quite  gradually  on  account  of  leaks  in  the  boiler,  increasing 
probably  more  rapidly  as  the  quardity  of  water  diminished,  the  in- 
tensity of  the  fire  meanwhile  increasing ;  that,  at  a  certain  period, 
the  tension  within  had  attained  about  eleven  atmospheres,  when 
the  boiler  exploded  violently, 

"  The  accompanying  figure  (95)  will  serve  to  give  an  accurate 
idea  of  the  appearance  of  this  boiler  after  its  rupture. 

"  The  cylinder  of  copper,  before  referred  to,  was  next  put  in  tne 
place  of  the  iron  boiler,  and  the  fire  again  kindled, — ^the  general 
arrangements  being  as  before  described.  This  boiler  being  longer 
than 'the  former,  would  not  descend  so  far  into  the  furnace,  and  an 
i^lempt  to  raise  the  steam  sufficiently  high  to  burst  it  failed* 
Tnere  was  a  considerable  leak  in  the  junction  of  the  curved  sur- 
face with  one  of  the  ends.  When  the  water  was  nearly  exhausted. 
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the  fiire  having  passed  its  period  of  greatest  heat,  the  cylinder  was 
removed  and  water  again  introduced,  filling  about  three-fourths  of 
its  capacity.  A  new  furnace  was  constiucted  of  stones,  allowing 
the  boiler  to  rest  more  closely  upon  the  fuel,  and  affording  a  screen 
firom  the  wind,  which  was  blowing  quite  strongly.  The  part  of 
the  boiler  in  which  the  leak  had  been  observed  was  tamed  down^ 
ward^  but  a  similar  escape  was  found  for  the  steam  in*  the  part 
now  uppermost.  The  tension  of  the  steam  appeared  to  increase 
very  slowly,  and  the  fire  passed  its  best  action  without  effect.  It 
was  renewedy  and  as  the  water  became  .lower  the  tension  of  the 
steam  increased  considerably.  As  before,  nothing  remarkable  oc- 
curred previous  to  the  instant  of  explosion,  and  the  members  of 
the  committee  employed  in  the  experiments  were  engaged  in  ob* 
serving  the  boiler-  at  the  instant  it  exploded.  A  dense  cloud  of 
smoke  and  fiame,  capped  by  steam,  rose  firom  the  pit ;  the  stones 
and  combustibles  were  widely  scattered ;  and  the  boiler  was  thrown 
in  a  single  mass  about  fifteen  feet  firom  the  fiimace.  The  noise 
attending  this  explosion  was  like  that  from  the  firing  of  an  eight- 
inch  mortar. 

"  The  boiler  was  rent  as  shown  in  the  accompanying  figure  (96), 
giving  way  in  an  irregular  line  just  above  the  probable  water- 
line  on  one  side  of  the  boiler,  but  not  conforming  to  iC  d  and  b 
were  the  lowest  points  in  the  two  heads  before  the  explosion. 
The  sheet  of  copper  was  torn  from  the  heads,  unrolled  and  irregu* 
larly  bent,  adhering  to  the  heads  for  only  a  short  distance  near 
the  top  of  each;  and  the  heads  were  bent  outwards.  The  thick- 
ness of  the  copper  along  the  line  of  rupture  varies  fix)m  "025  to 
.035  of  an  inch,  and  the  metal  appears  to  have  been  highly  heated 
at  one  end  of  the  torn  portion.  The  piston  of  the  spring  gauge 
was  benty  the  screw  which  attached  it  to  the  boiler  broken,  and  the 
whole  instrument  otherwise  injured.  It  appeared  that  the  wire 
intended  to  draw  the  boiler  off'  the  furnace  had  slipped  and  im- 
pdRed  the  action  of  the  piston,  so  that  no  register  of  the  amount 
of  force  producing  this  explosion  was  obtained.* 

*  '*  ABSQming  the  strength  of  copper  at  36,000  lbs.  to  the  square  inch,  and 
that  it  was  nninjnred  by  the  heating, — neglecting  alao  the  effect  of  tempera- 
tore, — the  bnrsting-preBsare  appears  by  calculation  to  have  been  about  six- 
teen atmospheres.    It  was  no  doubt  less  than  this." 

21 
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''The  circumstances,  as  before,  show  that  the  steam  was  allowed 
to  rise  gradually  until  the  boiler  gave  way.  It  is  possible  that 
there  may  be  a  relation  between  the  space  occupied  by  the  water 
and  that  in  which  the  steam  is  formed  most  fitvorable  to  the  pro- 
duction of  steam,  and  that  when  this  was  attained  a  rapid  rise  in 
elasticity  took  place;  but  there  were  no  circumstances  observed 
which  would  confirm  such  a  view,  and  if  it  were  correct^  it  would 
only  affect  the  conclusion  as  far  as  the  increase  of  tension  might 
have  been  rapid  from  such  a  cause. 

''As  in  the  former  case  the  marks  of  the  sediments  remained  in 
the  boiler,  and  indicated  that  the  water  was  about  an  inch  deep 
when  the  cylinder  exploded*  Much  more  steam  was  formedi  and 
more  water  left  than  in  the  first  experiment. 

"  These  experiments^  together  with  the  one  referred  to  in  a  sub- 
sequent part  of  this  report,  a/rt  direct  and  conclusive ;  they  show  that 
all  the  circumstances  oUendiT^  the  most  violent  eacpbsions  may  occur 
unthoiU  a  sudden  increase  of  pressure  vnthin  a  boiler.  There  can  be 
no  doubt,  however,  that  if  particular  portions  of  a  boiler  are  mudii 
weaker  than  other  parts,  they  may  give  way  in  time  to  prevent 
such  a  catastrophe." 

(From  "  Bbport  of  the  Committee  of  the  Franklin  Institute  of  the  State 
of  Pennsylvania  for  the  promotion  of  the  Mechanic  Arts,  on  the  Ex- 
plosions OF  Stbam-Boilsbs.  Part  I. — Containing  the  first  report  of 
experiments  made  by  the  Committee  for  the  Treasury  Department  of  the 
United  States.**    FkOaddphia,  103^.) 


C3HAPTEB  XXVIIL 

BULSS  FOB  CALCULATINa  THS  CHANGS  WHBELS  FOB  8CBEW8  OS 
A  TUBNmO  LATHB,  AND  FOB  A  WBXKL-CUTnSG  HACHINX. 

Hativo  long  fdi  the  want  of  a  treatise  like  the  present^  on  a 
aal)jeet  hitherto  overlooked,  or,  at  all  events,  barely  mentioned,  by 
all  mechanical  authors,  I  have  been  induced  to  publish  the  results 
of  my  experience,  in  the  hope  that  they  may  be  of  some  benefit  to 
odiers. 

I  iam  aware  that  tables  have  been  calculated,  and  that  they  are 
in  use  in  many  workshops ;  but  they  are  only  adapted  for  screws 
of  a  regular  pitch,  as  it  is  almost  impossible  to  have  tables  which 
would  meet  every  case  of  irregular  screws. 

I  trust,  therefore,  that  the  rules  which  I  have  laid  down  will 
enable  anyone  to  calculate  the  proper  change  wheels  without 
difficulty ;  and  that  they  will  be  the  means  of  saving  many  hours 
q£  valuable  time^  which  is  now  wasted  in  vainly  endeavoring  to 
find  the  right  wheek^  which,  to  the  uninstructed  workman,  must 
always  be  a  matter  of  chance. 

ABITHIOBTIGAL  SlQiSB  AND  THSB  XXPLAKATIOK. 

■  • 

sssSign  of  Equality,  12  inches  as  1  foot. 

*+  Sign  of  Addition,  or  phu;  2  +  8  =  6 ;  2  added  to  8  pro- 
duces 6. 

— Sign  of  Subtraction,  or  tninua;  6  —  4  =s  2;  4  subtracted 
from  6  leaves  2. 

X  Sign  of  Multiplication.    6  x   S  =  18;  6  multiplied  by  3 
produces  18.    8  is  called  the  muUipUer^  6  the  muUipUcand, 
and  18  ibeproducL 
»    -J-  Sign  of  Division.    85  -5-  7  =  6.    85  divided  by  7  gives  5. 
85  is  called  the  iUvicknd,  7  the  divisor,  and  5  the  q^tient. 

A  horizontal  stroke  is  sometimes  used  as  the  sign  of  Division. 
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In  this  case  the  number  to  be  divided  {dividend)  is  placed  above, 

36 

and  the  number  which  divides  {ijf visor)  below ;  thus;,  -sr  =  6. 


ON  FRACTIONS. 

1.  A  Fraction  is  one  or  more  parts  of  a  whole  number,  and  is 
produced  b  j  the  division  of  a  whole  into  any  number  of  parts^  and 
takmg  awaj  one  or  more  of  them. 

2.  The  figure  denoting  the  number  of  parts  into  which  the  whole 

is  divided  is  called  the  denominator,  whilst  the  one  exprei^^ing  the 

number  of  these  parts  of  which  the  fraction  is  composed,  is  called 

4 
the  numeraior.    Thus,  in  the  fraction  g '  4  ib  the  numerator^  and  9 

the  denominator. 

8.  There  are,  properly  speaking,  only  two  sorts  of  fractions, 
viz.,  proper  and  improper,    A  proper  fraction  is  one  in  which  the 

5    8  ' 

numerator  is  less  than  the  denominator,  as,  ?: ,  j.    An  improper 

fraction  is  one  in  which  the  numerator  is  greater  than  the  denom- 

8    9    8 

inator,  as  g,  t  ,  o  •   Whena  whole  nuijiber  stands  before  a  proper 

fraction,  thus,  If  (one  and  five-eighths),  it  is  called  a  Tniixed  fraction. 

BBDUOnON  OF  FRACTIOm. 

4.  An  improper  fraction  may  be  reduced  either  to  tf  whole  num* 
ber  or  to  a  mixed  fraction,  by  dividing  the  numerator  by  the  de- 
nominator, thus — 

27  25 

-3-  =  9;       9"  =  2i 

To  reduce  a  mixed  to  an  imfMroper  fraction,  multiply  the  whole 
number  by  the  denominator,  and  add  the  numerator  to  the  pro- . 
duct,  which  gives  a  new  numerator,  whilst  the  denominator  re- 
mains the  same ;  thus, 
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C0XPABI80K  07  THX  BSLATIVB  TALUB8  OF  FBACTIOKCk 

m 

5.  In  order  to  compare  two  fractionfl,  place  them  side  bj  side, 
and  mnltipl  J  the  numerator  of  each  fraction  with  the  denominator 
of  the  other ;  thus, 

8x2  =  16       I       I       8x7  =  21 

7  2 

From  this  we  see  that  g  is  greater  than  ^,  because  the  number 

7  2 

21  stands  by  the  fraction  g ,  whilst  only  16  is  found  by  g.   If  the 

7 
numerator  and  denominator  of  g-  be  multiplied  by  8,  the  denomi- 

21  2 

Dator  of 'the  other  fraction,  the  result  will  be  ^7 ;  ^^d  gf  when 

likewise  multiplied  by  8,  the  denominator  of  the  other  fraction, 

.„    .         ,    16     ^      7  .  ,2^6 

win  give  only  571  *bus,  g-  is  greater  than  g-  by  ^. 


TO  BEDUCS  A  FBACTIOK  TO  rtS  LOWEST  TEEMS. 

6.  We  hare  seen  above,  that  the  value  of  a  fraction  is  not 

altered  by  multiplying  the  numerator  an4  denominator  by  the 

same  number.    Similarly  the  value  is  not  changed  by  dividing  botli 

numerator  and  denominator  by  the  same  number.    It  often  adds 

much  to  tbe  simplicity  of  an  operation  to  have  the  fraction  as 

small  as  possible ;  thus 

24_2 

86  ~  8" 

The  numerator  and  denominator  of  this  fraction  can  both  be 
divided  by  12,  because  24  is  made  up  of  2  multiplied  by  12,  or 
2  X  12=24.  Similarly  86  is  produced  by  multiplying  3  and  12 
together,  or  8  x  12=86. 

When,  however,  either  the  numerator  or  denominator  is  an 
uncompounded  or  priTne  number,  the  fraction  camiot  be  reduc^ ;  * 

28 

ihus,  Q^  is  in  its  simplest  form,  because  23  is  a  prime  number. 

If  the  numerator  and  denominator  be  both  compound,  but  the 
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numbelrs  of  wluch  each  are  compounded  do  not  occur  in,  or  are 

not'oommon  to  both,  the  firaction  cannot  be  reduced ;  thua^ 

25      6x  5  •  14     2x7 

86~Sxl2  '  15~8x5 

When  a  fraction  can  only  be  reduced  b j  an  unequal  number 

above  11,  the  rule  giren  above  is  not  so  easy  of  application,  as  the 

numbers  of  which  the  numerator  and  denominator  are  compounded 

1501 
are  not  generally  apparent  at  first  sight ;  for  instance,  =^^7  c^^^ot 

be  reduced  by  any  niunber  under  12,  and  it  is  difficult  to  aacertam 
by  inspection  whether  a  greater  number  will  reduce  it.  This  num- 
ber may  however  be  found  by  dividing  the  denominator  by  the 
numerator,  then  the  numerator  by  the  remainder,  proceeding  in 
the  same  manner,  always  dividing  the  previous  divisor  by  the  last 
remainder.  When  the  operation  is  finished,  the  last  divisor  is  the 
number  which  will  reduce  the  fraction. 

1501)  1817  (1 
1501 

.  816)1501(4  1501      79=19 

1264  1817  ■*■  79=28 

287)  816  (1 
287 

79)  287  (8 
287 


From  this  we  see  that  the  numerator  and  denominator  of  t^ts. 

1817 

are  botli  divisible  without  remainder  by  79. 

BXMABKS  OK  THE  DIVISIBILrTY  OF  IHTMBSBS. 

■ 

If  the  last  figure  of  a  number  is  divisible  by  2,  so  is  the  num- 
ber itsel£  If  the  last  two  figures  are  divisible  by  4>  the  number 
is  also.  If  the  last  three  figures  are  divisible  by  8,  so  is  the  num- 
ber  itselfl  Every  number  ending  in  0  can  be  divided  by  2,  5,  or 
10 ;  if  it  ends  in  00,  4  will  divide  it;  and  if  in  000,  it  can  be  di- 
Tided  by  8.  If  the  sum  of  the  figures  of  a  number  be  divisible 
by  8  or  9,  the  number  itself  can  be  divided  by  8  or  9.  If  the 
number  ends  in  5  it  can  be  divided  by  6. 


■■ 
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ADDITION. 

7.  In  adding  two  or  more  firactions  together,  If  the  denomina« 
tors  are  alike,  add  the  nnmerators,  and  place  the  denominator  nnder 
the  sum  so  found ;  thna^ 

18  +  18~  13  "18'  8  ■•■  8  ~    8    ^  8'^'  ^• 

8.  On  the  other  hand,  if  the  denominators  are  different,  place 
hoik  firactions  side  by  side,  and  multiply  the  denominator  of  each 
fraction  with  the  numerator  of  the  other  fraction.  Add  both  these 
products,  which  gives  the  new  numerator ;  and  the  two  denomi- 
nators multiplied  together  gives  the  new  denominator. 

2^8      (6x8)+(7x2)       16+14       29 
6  "^7"         5x7         ~      85      ~85 

9      8     (14x8)+(9x9)     112+81       198 

14  ■^'S"        14x9         ~     126      "126**^"^ 

BUBTBJLCnOV. 

9.  In  subtracting  one  fraction  from  another  it  must  (as  in  Ad- 
dition) be  first  ascertained  if  the  denominators  be  alike.  If  so 
subtract  the  lesser  from  the  greater,  whieh  gives  the  numerator 
The  denominator  remains  the  same ;  ihus^ 

7     5_2        1 
8~8~8'  ^'i. 

On  the  other  hand,  if  the  denominators  are  not  alike,  multiply 
(as  in  Addition)  the  numerator  of  each  fraction  by  the  denomina 
tor  of  the  other  fraction ;  and  the  one  by  which  is  found  the  greater 
product  (see  page  825  (5))  is  the  greater  of  the  two.  The  lesser 
product  is  now  subtracted  from  the  greater,  which  gives  the 
new  numerator,  whilst  the  new  denominator  is  found  by  multiply- 
ing the  two  denominatprs  together ;  thus, 

(1.)  8x8:^  8_2  4x2=8 

4      8 

9—8=1  J^ 

4x8=12  12 
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(2.)   7x8=56  7_5  9x5=45 

9      8 
66—45=11  11 

9x8-72*  72 

• 

MULTIPLICATIOK. 

10.  If  a  firaction  is  to  be  multiplied  by  a  whole  number,  the 
numerator  only  must  be  multiplied ;  thus, 

8     «     8x2      6      ,,  3'         8x8      9     ^,     • 

jx2=--^  =jorl},         ^x8=-g-=g=U 

11.  If  one  fraction  is  to  be  mtdtiplied  by  another,  multiply  the 
two  nnmerators  and  also  the  two  d^iominators  together ;  thu£^ 

8      4_8x4_12        £ 
8^  7~8x7~56  °^  14 

i 

12.  Mixed  fractions  must  first  be  reduced  to  an  improper  form. 

■  .    „      7     17      119 

Ifx  2|=|  x  y  =  -gg-  or  4J 

DIVISION. 

'  18.  If  it  be  required  to  divide  a  proper  or  an  improper  fraction 
by  a  whole  number,  divide  the  numerator  by  the  number  (if  it  will 
divide  without  a  remainder),  and  the  quotient  is  the  new  numera- 
tor, the  denominator  remaining  the  same ;  thus, 

18-^~18*  21"^^~2X 

14.  If,  however,  the  numerator  of  the  fraction  is  not  divisible 
by  the  whole  number  or  divisor,  then  multiply  the  denominator  of 
the  fraction  by  the  divisor ;  thus 

8 8 ^      •  4 4__i.       1 

4"^^~4x7~28  5"^^~5x8~40^'l0 

15.  When  a  mixed  fraction  is  to  be  divided  by  a  whole  numbei, 
it  must  first  be  brought  into  an  improper  form,  and  then  treated  as 

,in  (1)  and  (2);  thus 

181.  8=?^ -8-  87   _?Z_2. 
181-^8=  2  --8  -g  ^  2  =  16  =^" 
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16.  ObaervcUwn. — ^Beginners  who  find  it  difGlcult  to  recollect  the 
Tarious  ruleS;  may  make  use  of  the  following  Bummaxy,  which  is 
the  shc^ttest  and  easiest  method  of  performing  division  of  fractions 
of  any  kind.  In  calcxdatillg  screw  threads,  multiplication  and  di- 
Tifiion  only  are  used. 

17.  When  a  fraction,  either  proper,  improper,  or  mixed,  is  to  be 
divided  by  a  whole  number,  or  by  another  fraction,  which  may 
likewise  be  either  proper,  improper,  or  mixed,  set  the  dividend  on 
the  left  and  the  divisor  on  the  right-hand  side.  If  either  the 
dividend  or  the  divisor  be  a  whole  number,  place  under  it  the 
figure  1,  or  imagine  it  to  be  so  placed ;  then  multiply  the  numera* 
tor  and  the  denominator  of  the  dividend  with  the  denominator  and 
the  numerator  of  the  other  fraction ;  thus^ 

}  divided  by  |  f  -^  }  =    I     o'  1} 

17  IS      186 

2*    ....    If'  T -^  T  =  IT  *"  ^** 

18  62 

7  7 

I    ....     2  g  -s-2  =  jg 

16 


»      • 


8 


/  • 


THE  BULE  OF  THBEB. 


18.  The  Bule  of  Three  enables  us  to  fiild  a  fourth  proportional 
to  any  three  given  numbers. 

The  mode  of  proceeding  is  as  follows : — ^Multiply  the  second 
term  by  the  third,  and  divide  the  product  by  the  first  term,  which 
will  give  the  fourth  term  sought 

The  first  term  is  used  as  a  divisor,  whilst  the  second  and  third 
are  multipliers. 

19.  The  terms  must  be  placed  in  the  following  manner: — The 
first  must  be  of  the  same  denomination  or  kind  as  the  third ;  for  in- 
stance, if  the  third  term  be  in  inches,  the  first  must  be  so  likewise.' 
The  second  term  must  be  similar  to  the  fourth  term  sought.  Thus,' 
in  8  inches,  9  threads  are  c<totained ;  how  many  in  one  inch  ? 
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Xnchat.  Hhreadi.  Indu 

8     :       9     ::     1 
8)9(3 
9 
n        ^  8  threads  in  1  inclu 

•20.  When  a  0  occors  at  the  end  of  two  or  more  of  the  terms, 

the  first  and  either  of  the  others  may  be  struck  out  of  each,  thus 

simplifying  the  operation.    If  two  of  the  terms  can  be  reduced  by 

any  number,  it  may  be  done  without  affecting  the  result ;  thus, 


iMihM. 

fhrsadi. 

Ineh. 

20 

:      40       :: 

2)4(2 

4 

1 

2  threads  to  one  incK 


PBOOF. 


XdcIi.  Ihreadi.  Ibdiai. 

1       :        2        n       20 
20 


40  40  threads  per  indL 


BULE  OF  THBES  WITH  FRACTIONS. 

21.  The  tbree  terms  are  placed  as  before,  the  mixed  fractions 
haying  been  first  reduced  to  an  improper  form.  Transfer  the  deno- 
minator, of  the  1st  term  (dividing  term)  to  the  2d  and  8d  terms 
(multiplying  terms),  and  the  denominator  of  the  2d  and  8d  terms 
to  the  1st.  Then  reduce  any  two  or  more  of  the  numerators  or 
denominators  by  any  number  which  will  leave  no  remainder.  Then 
multiply  the  2d  and  8d  terms  together  and  divide  by  the  1st  (See 
articles!  Multiplication  and  Division.) 


KXAHFUi  L 

Inehet. 

12J 
26 

• 
• 

• 

82|      :: 
66        K 

IndL 
1 
1 

2 

2 

18        :: 

1 

6)18 

2}  threads  per  inch. 
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S$l 


kxa)ifIiB2. 


20 
20 

4 
80 


89} 
159 


4 
:    159      s 

Qommu 

80 
79 


Ineh. 
1 
1 


IJt  threads  per  inck 


beh. 
1 
1 

80 

4 


FBOOr. 
lit 

159 

80 
159 

80 

159 

4)150 

89| 


IbcImi. 

K     20 
s     20 

n     20 


89|  thieads  in  20  inches; 


CHAPTER  XXrX. 

EXPLANATIOSr  OF  THB  3£ETH0DS  OF  OALCULATINa  BCBEW  THREADS. 

1.  Currma  a  screw  in  the  latlie  is  only  a  common  mechanical 
operation,  of  which  the  most  important  part  is  the  selection  of  the 
proper  change  wheels.    The  wheels  may  be  placed  in  two  ways — 

(1)  With  two  change  wheels,  Plate  29,  Fig.  11.    The  middle . 
wheel  serves  only  to  connect  the  two  other  wheels. 

(2)  With  four  change  wheels,  Plate  29,  Fig.  HI. 

The  distance  between  the  mandrel  and  the  leading  screw  of  a 
lathe  does  not  generally  admit  of  cutting  a  screw  of  more  than  10 
threads  to  the  inch,  with  two  wheels  only,  as  the  wheel  on  the 
leading  screw  would  be  too  large,  and  that  on  the  mandrel  too 
small.  V 

In  the  same  way  for  cutting  coarse  pitched  screws,  such  as  }  a 
turn  to  the  inch,  the  second  method  is  generally  used,  or  else  the 
wheel  on  the  leading  screw  would  be  too  small,  and  that  on  the 
mandrel  too  large.  Thus  the  second  method  is  employed  for  cut- 
ting screws  of  coarser  pitch  than  }  a  thread,  and  finer  than  10 
threads  to  the  inch,  and  the  first  method  for  screws  of  a  pitch  inter- 
mediate between  }  a  thread  and  10  threads  to  the  inch.  •  '. 

In  ci^aes  where  a  screw  of  an  equai  pitch,  such  as  128  threads  to 
the  inch,  is  vequired  to  be  cut,  which  does  sometimes  happen 
when  a  screw  has  to  be  made  exactly  similar  to  a  pattern,  the 
second  method  must  be  used,  although  the  pitch  is  intermediate 
between  |  a  thread  and  10  threads  to  the  inch.  In  this  instants 
an  error  is  very  likely  to  arise  if  the  pitch  of  the  screw  be  not  mea- 
sured on  a  long  length,  1|8  threads  being  hardly  distinguishable 
from  two  threads  in  a  short  distance.  According  to  the  Bute  of 
Three  (see  (Chapter  XXVIII.,  Par.  21),  20  inches  of  a  screw  of  this 
kind  contain  89|  threads. 

Thus  it  must  be  observed,  that  in  measuring  a  screw,  to  ascer- 

832 
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tain  its  pitch,  the  greatest  possible  length  should  be  made  use  o£ 
although  more  exact  fractions  than  ^,  |,  or  |  cannot  be  estimated 
with  accuracy. 

Figure  L  represents  a  screw  having 

12    threads  in  6    inches 

12i         "y     6J      '• 

12i         "        6J     « 

12f         «        6t      " 

18  «        6J     '' 

KXPLAKATION  07  THE  TIBST  METHOD  WITH  TWO  WHEELS. 

2.  In  order  to  ascertain  the  wheels  required  to  cut  a  particular 
0creW;  we  must  first  know  the  pitch  of  the  leading  screw  of  the 
lathe ;  for  ais  often  as  the  pitch  of  the  leading  screw  is  contained 
in  that  of  the  required  screw,  so  often  must  the  number  of  teeth 
in  the  wheel  on  the  mandrel  be  contained  in  the  number  in  that  on 
the  leading  screw. 

Divide  the  number  of  teeth  per  inch  in  the  screw  to  be  cut  by 
the  number  per  inch  in  the  leading  screw.  The  quotient  gives  the 
proportion  which  must  exist  between  the  number  of  teeth  in  the 
wheel  on  the  leading  screw  and  the  number  in  that  on  the  mandrel. 

Example  1. — It  is  required  to  cut  a  screw  a,  Plate  29,  Fig.  11^ 
of  4  threads  to  the  inch.  The  leading  screw  b  has  2  threads  to 
the  inch.  The  wheel  on  the  mandrel  is  denoted  by  c,  and  that  on 
the  leading  screw  by  d 

c      h 

Mx^planatum  of  the  /armu2a.^— The  number  of  teeth  in  wheel  d 
on  the  leading  screw,  divided  by  the  number  in  the  wheel  e  on  the 
mandrel,  must  be  equal  to  the  number  of  teeth  per  inch  in  the 
screw  to  be  cut  divided  by  the  number  per  inch  in  the  leading 
screw.  Bemark. — ^If  the  quotient  be  a  whole  number,  a  unite 
must  be  placed  imder  it. 

fgs^4:  d     4      2 

Jb=:2       l^V^T"  ^^^  proportional  number. 


2  )  ^=80  d  (numerator). 
1  \      s=40  c  (denominator). 
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8.  The  ntunber  of  teeth  per  inch  in  the  required  screw  a  must 
be  divided  bj  the  number  per  inch  in  the  leading  screw  b.   i 

2 

divided  by  2  gives  2,  or  -     The  number  2  (numerator)  represents 

the  wheel  d  on  the  leading  screw,  and  the  number  1  (denominator) 
represents  the  wheel  c  on  the  mandrel*  The  numerator  and  denom- 
inator (2  and  1)  are  now  to  be  multiplied  by  any  arbitrary  number ; 
40  is  the  one  here  chosen,  which  shows  us  that  the  wheel  d  (N)* 
on  the  leading  screw  must  conlsdn  80  teeth,  and  the  wheel  c  (D)t 
on  the  mandrel  will  be  one  of  40  teeth. 

Proof, 
d     . 

c 

Mgphnaium  of  {be  formula, — ^The  number  of  teeth'  in  wheel  d 
on  the  leading  screw  divided  by  the  number  in  the  wheel  c  on  the 
mandrel,  and  the  product  multiplied  by  the  number  cS.  teeth  per 
inch  in  the  leading  screw  &,  is  equal  to  the  number  of  teeth  per 
inch  in  the  screw  a  required  to  be  cut 

(=s  4  threads 

'*»2 


6=2     •..      8 


c=40    teeth    4 

cfc=80     ...      2x2ft=4a 

We  have  already  observed  that  the  number  of  teeth  in  wheel  d 
(N)  on  the  leading  screw  divided  by  the  number  in  wheel  c  (D)  on 
the  mandrel  must  be  equal  to  the  number  of  threads  per  inch  in 
the  required  screw  a  divided  by  the  number  per  inch  in  the 
leading  screw  h.  Therefore  the  driven  screw  a  and  the  driven 
wheel  d  on  the  leading  screw  must  represent  the  two  numerators^ 
whilst  the  driving  leading  screw  h  and  the  driving  wheel  c  on  the 
mandrel  represent  the  two  denominators. 

4.  The  wheel  of  40  teeth  e  on  the  mandrel  makes  2  revolutions 
whilst  the  wheel  of  80  teeth  d  on  the  leading  screw  makes  1  revo- 
lution. By  this  motion  the  tool  will  have  been  advanced  through 
the  space  of  half  an  inch,  marking  upon  the  screw  to  be  cut  (which 
makes  2  revolutions)  2  equal  divisions.  But  as  the  leading  screw 
must  make  2  revolutions  in  order  to  advance  the  tool  1  inch,  the 
remaining  half  inch  is,  lus  before,  divided  into  2  other  equal  parts. 

I        ■    I  —1..  ■  .     I  .1  I.I.  mt 

*  Namerator.  f  Denominator. 
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Two  lialf  inches  being  both  divided  into  2  parts  makes  4  divisiona 
in  one  inch,  which  is  the  number  per  inch  in  the  required  screw  a. 
Eocamph  2. — ^It  is  required  to  out  a  sorew  of  If  threads  to  the 
inch,  the  leading  screw  being  the  same  as  in  previous  example^ 

If 


7         7 

— 5-2=Q  the  proportional  number. 

4  o 


w 
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5.  The  use  of  4  wheels  has  the  advantage  of  allowing  the  arbi- 
trary selection  of  one  pair  ,of  wheels,  the  other  pair  being  found 
by  calculation.  The  principle  is^  however,  the  same  as  when  using 
two  wheels,  except  that  the  proportion,  instead  of  being  between  a 
pair  of  wheels  is  between  two  pair  of  wheels. 

The  quotients  of  each  pair  of  wheels  when  mxdtiplied  together 
will  be  equal  to  the  proportion  between  the  leading  screw  b  and 
the  required  sorew  a. 

Example  1. — ^It  is  required  to  cut  a  screw  a  of.  18  threads  to  the 
inch.    The  leading  screw  h  has  2  threads  to  the  inch. 

e  represents,  in  Fig.  m.,  Plate  29,  the  driving  mandrel  pinion, 
d  the  driven  stud  wheel,  e  the  driving  stud  pinion,  /  the  driven 
leading  screw  wheel.    Then 

d       f       a 

-     X      -    =T- 

ceo 

m 

Ea^Tanation  of  the  formula. — ^The  number  of  teeth  in  the  driven 
stud-wheel  d  (N)  divided  by  the  number  in  the  driving  mandrel 
pinion  c  (D)  and  multiplied  by  the  number  of  teeth  in  the  driven 
screw  wheel  /  (N)  divided  by  the  number  in  the  driving  stud 
pinion  e  (D),  is  equal  to  the  nxunber  of  threads  per  inch  in  the 
required  screw  a  divided  by  the  number  per  inch  in  the,  leading 
screw  i. 

As  mentioned  before,  we  may  select  a  pair  of  toothed  wheels^ 
but  the  fraction  which  they  form  must  be  exactly  observed,  and  as 
the  required  screw  contains  more  threads  per  inch  than  the  leading 
screw,  it  wiU  be  obvious  that  the  wheels  of  the  numerators  must 
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be  larger  than  those  of  the  denominators.  If,  however,  the  re* 
quired  screw  contain  less  threads  per  inch  than  the  leading  screw, 
the  wheels  of  the  denominators  must  be  larger  than  those  of  the 
numerators. 

Seled»  for  instaace,    60  niunerator     )   ^.^ 

40  denominator  )  2 

The  proportional  number  between  the  required  screw  and  the 
leading  screw  would  be  as  follows : 

,     j;^i  =  9  the  proportioiul  number.         ^ 
Consequently  a  whole  number  or  a  fraction  must  bd  found, 

which,  multiplied  with  the  chosen  fraction  ^;  produces  the  proper* 

tional  number  9. 

As  the  proof  of  multiplication  is  division,  and  proof  of  division 
multiplication,  the  proportional  number  §  is  simply  to  be  divided 

by  the  fraction  ^  • 

n      8      18 

As  the  factor  of  the  two-toothed  wheels  foimd  is  a  whole  num* 

6 

ber,  a  1  may  be  put  in  place  of  the  denominator,  as  Tf  and  multi* 

ply  the  numerator  6  and  the  denominator  1  by  any  arbitrary 
number;  for  instance, 

{6  =  120  the  driven  wheel /(N)  on  leading  screw. 
1=   20  the  driving  wheel  c  (D)  on  stud. 

The  two  pair  of  wheels  may  either  be  placed  on  a  mandrel,  or 
on  the  leading  screw.  It  is,  however,  to  be  observed,  that  the 
pair  containing  the  largest  wheel  is  placed  on  the  leading  screw. 
If  this  be  not  done,  the  large  wheel  d  on  the  stud  rq)re8enting 
the  numerator  would  not  allow  the  wheels  e  and/ to  work  together, 
because  the  large  wheel  on.  the  stud  would  touch  the  leading  screw. 
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PBOOF  OF  THS  SXAHFLE. 
d        f       , 

z  )<  -L  x&ssa 

Eoq>lanati(m  of  the  formula. — The  number  of  teeth  in  wheel  d 
divided  bj  that  in  c,  and  multiplied  bj  the  number  of  teeth  in  / 
divided  by  that  in  e,  and  this  product  again  multiplied  by  the 
number  of  threads  per  inch  in  the  leading  scre^  b,  is  equal  to  the 
number^per  inch  in  required  screw  a. 

c40~2        e     20  ~  2  ~    2~® 

9x6  =  9x2  =  18  =  a 

6.  Whilst  the  wheel  /  on  the  leading  screw  of  120  teeth  (N) 
makes  one  revolution,  the  wheel  e  on  the  stud  of  20  teeth  (D) 
makes  6  revolutions.  And  whilst  the  wheel  d  on  the  stud  of  60 
teeth  (N)  makes  1  revolution,  (he  wheel  c  on  the  mandrel  of  40  teeth 

(D)  makes  ^  or  1|  revolutions.    But  as  the  wheels  e  and  d  on  the 

stud  are  coupled  together,  the  wheel  c  must  make  6  x  1|  s=s  9 
revolutions.  The  pitch  of  the  leading  screw  being  }  an  inch,  it 
pushes  the  tool  that  distance  forward  during  each  revolution,  mark- 
ing 9  equal  divisions  upon  the  screw  to  be  cut  As^  however,  the 
leading  screw  must  make  two  revolutions  to  advance  the  tool 
through  the  space  of  1  inch,  the  remaining  half  inch  is  likewise 
divided  into  9  other  equal  parts,  which  gives  a  screw  of  the  pitch 
required,  viz.,  18  threads  to  the  inch. 

It  is  required  to  cut  a  screw  which  shall  contain  15f  threads  in 
12  inches. 

12 

7'   :   15t   ::   1 

48    :    63    ::   1 

48)  63  (Ul,  or  1|'«  threads  per  inch. 
48 

15 


22 
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Thus,  according  to  the  Bole  of  Threes  the  screw  will  contain 
li^  threads  per  inch 

1A_  .      * 

21  21 

- — 'r-2  =  —  the  proportional  number. 

16  82        ^    ^         ' 

Assumed  pair  of  change  wheels  ]  ^a  "  ^^  ~  J» 


*     96  8'      8f  «=8045 


21 
82 

In  a  length  of  20  inches  a  screw  contains  89|  threads;  how 
many  are  there  to  the  inch  ? 


Iiidi«t.  Thraidi.  lodi. 

?£        :       S9f       s       1 

4 

80        :        159        r.       1 

80)  159  (lis  threads  per  mck 

Irr  ^2  s=  —  the  proportional  number. 
80  1«0        ^    ^ 

Assumed  pair  of  change  wheels   <  —-     or  f ; 

159  .   ,      636  ^,  _  53        58 )      ,     106/. 
160""*"  480.  40-       40P*       80*. 
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7.  ^ere  is  abo  another  method  of  calculating  when  four  wheels 
are  employed,  which  is  as  follows : 

Divide  the  number  of  teeth  per  inch  in  the  required  screw  by 
the  number  peivinchHn  the  leading  screw ;  change  the  quotient  (if 
a  whole  number)  into  a  fraction  by  placing  a  unit  under  it  li^ 
however,  the  quotient  should  be  a-  fraction,  either  proper  or  im- 
proper, it  must  be  reduced  to  its  lowest  terms.  The  numerator 
and  denominator  must  next  each  be  resolved  into  two  &ctois,  as 
nearly  equal  as  possible,  or,  in  other  words,  two  numbers  must  be 
found,  which,  when  multiplied  together,  will  form  the  numerator, 
and  two  others  which,  when  multiplied  together,  will  form  the 
denominator.    Should  either  the  numerator  or  denominator  be  a 
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'  prune  number,  one  of  tlue  &ctoT8  will  be  1,  and  the  otbei^  the  num- 
ber itself.  ^ 

8.  The  factors  of  the  nun^erator  are  now  to  be  multiplied  by  any 
two  arbitrary  numbers.  The  factors  of  the  denominator  are  also 
to  be  multiplied  by  any  two  numbers  whose  product  is  equal  to 
the  product  of  the  numbers  by  which  the  factors  of  the  numer- 
ator were  multiplied. 

The  two  figures  of  the  numerator  represent  the  one,  the  wheel  / 
whicli  is  to  be  placed  on  the  leading  screw  b,  and  the  other  the 
wheel  d  on  the  stud.  These  wheels  do  not,  however,  wor}f.  into 
each  otber.  The  two  figures  of  the  denominator  give  the  number 
for  the  wheel  c  on  the  mandrel,  and  for  the  wheel  e  on  the  stud 
which  wheels  likewise  do  not  work  into  each  other. 

ObservcUion, — ^The  two  wheels  /  and  d  (numerators)  are  inter- 
changeable wilih  eacli  other,  as  are  aldo  the  wheels  c  and  e  (denomi*' 
nators). 

1.  Mmmphr^'h  is  required  to  cut  a  screw  of  2}  threads  to  the 

The  numerator  resolved  into  2  factors  gives    8  x  8^*9 

•  •  •  •  #  •  •  •  a^/X  4^— -O 

9    8x20=  60d  8 x 80=90/  20 x 80=600 

8    2x60=120c  4xl0=40c  60x10=800 

The  -common  produet  of  the  assumed  factors  is'  600,  whioh  is 
produced  by  multiplying  together  tbe  assumed  fiustors  of  the  nu- 
merator (20x80=600),  and  aLsjo  by  multiplying  together  the 
assumed  fisu^tors  of  the  denominator  (60  x  10^=600). 

20  multiplied  by  the  fiustor  8  gives  the  wheel  d  of  60  teeth  )  i^- 
80        .  .  .        8  .  .      /•.  90  .    .    J-" 

D 


60        .  .  .        2  .  .       c   .120  .    .    i 


10        .  .  .4         .         .       6   .  40  .    .    f 

Example  i^^Jt  is  required  to  out «  sorewof  2|  threads  to  the  inch. 

|^2=|thepropottioi»lnimbet. 

«    lxS0s=30=s(l       2x20i=100=^       80x20=600 
4    2x20=40s=c       2x80=  60=«       20x80=000 
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Example  8. — ^It  is  required  to  cut  a  screw  4^  threads  to  the 

inch.  '  *  • 

4U 

r^-^2  =  oo  *^®  proportional  number. 

76    15x  6=76  rf  6x20=100/  5x20-100 

32    4xlO=40c  8xl0«80e  10xlO«100 

There  are  some  lathes  in  which  the  mandrel  wheel  cannot  be 
changed,  or,  at  all  events,  can  only  be  increased  or  diminished  to 
the  etitent  of  a  few  teeth,  on  account  of  the  setting-up  screw  of 
the  mandrel  being  in  the  way. 

WITH  TWO  WHEELS. 

Divide,  as  before,  the  number  of  teeth  per  inch  in  the  screw  to 
be  cut  by  the  number  per  inch  in  the  leading  screw.  The  quotient 
gives  the  proportion  between  the  number  of  teeth  in  the  wheel  on 
tiie  mandrel  and  t£at  on  the  leading  screw. 

It  is  required  to  cut  a  screw  of  6  threads  to  the  inch,  the  lead- 
ing screw  having  2  to  the  inch,  and  the  fixed  wheel  c  on  the  man- 
drel 80  teeth.  How  many  teeth  must  there  be  in  the  wheel  on 
the  leading  screw  d  7  ^ 

The  proportion  between  the  required  and  leading  screw  is 
x-*8,  or  as  1  to  8,  the  proportional  number. 

The  number  of  teeth  in  thje  driving  wheel  c  on  the  mandrel 
must  then  be  contained  three  times  in  the  number  in  the  wheel  d 
on  the  leading  screw. 

8  X  80™90,  number  of  teeth  in  wheel  on  leading  screw. 

WITH  FOXJB  WHEELS. 

• 

Find  the  proportional  number  as  before,  and  if  a  wheel  repro 
senting  a  numerator  is  to  be  calculated  (it  may  be  either  the 
wheel  d  on  the  stud  or  the  wheel  /  on  the  leading  screw),  mul- 
tiply the  number  of  teeth  in  the  two  wheels  chosen  (D)  into  each 
other,  and  also  into  the  proportional  number ;  divide  the  product 
by  the  number  of  teeth  in  the  given  wheel  (N),  and  the  quotient 
will  be  the  number  of  teeth  in  the  wheel  sought  (N). 
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Ikoofrnph. — ^It  is  required  to  ctrt  a  screw  of  20  tlireads  to  the 
incli.  ^ 

The  wheel  c  (D)  on  the  mandrel  has  40  teeth. 
d(N)  .     .    stud    .    .     50  .    . 

e  (D) 15  •    • 

How  man  J  must  the  Wheel  /  on  the  leading  screw  have? 

^  20 

-^  »■  10  the  proportional  numben  • 

cxexlO     ^       40x15x10      ^^^       .  .      ,     ,  ^ 

3 «  f       ^ — 120  teeth  m  wheel  / 

d  50  "^ 

On  the  other  hand,  should  a  wheel  representing  a  denominator 
be  sought^  divide  the  product  of  the  number  of  teeth  in  the  two 
wheels  (N)  by  the  product  of  the  given  (D)  wheel  and  the  pro- 
portional number. 

d%f  50x120      ,^       ,  .      ,     , 

1^  ,     »c         iAv.  ig  =  40  teeth  m  wheel  c. 
10  xe  lOx  15 

There  are  some  lathes  in  which  the  mandrel  is  connected  with 
the  leadmg  screw  by  a  triple  arrangement,  consisting  of  3  pairs 
of  wheels,  or  8  fractions.  The  proportions  in  this  position  of  the 
wheels  remain  the  same  as  when  4  wheels  are  used,  but  with  this 
difference,  that  the  proportion  of  2  pairs  is  contained  by  3  pairs 
working  together. 

Therefore  the  quotients  of  the  number  of  teeth  in  the  8  pairs  of 
wheels  must  be  multiplied  together,  and  the  product  will  be  equal 
to  the  proportion  between  tiie  required  screw  a  and  the  leading 
screw  h. 

Example. — ^It  is  required  to  cut  a  screw  of  24  threads  to  the 

inch. 

24 

•ft-  «■  12  the  proportional  number. 

In  these  cases  we  may  choose  any  two  pairs  of  change  wheels. 
—  s2    qa""8    8x 2'-6    product  of  the  two  pairs  of  wheels. 

We  have  here  (as  before)  to  find  that  number  which,  when  mul- 
tiplied by  6,  shall  produce  the  proportional  number  12. 

Proportional  number —  «  2 

Product  of  the  two  assumed  pairs  of  wheels   6 
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2  or  =-  multiplied  by  any  arbitrary  niunberi  80  for  instance, 
gives 

J  } XSOZso  }  *^^ t^MTdpair. 

As  already  mentioned  (par.  5,  6),  the  largest  wheel  must  be  on 
the  leading  screw.    The  arrangement  then  will  be  as  follows : 

The  wheel 

/of  90  teeth  will  be  placed  on  the  leading  screw  (N) 
«  "  80      .        e       ^       .       .     stud  (D) 

d"  40 (N) 

(5  "^0      .        .        .        .        .     mandrel  (D) 

"  60  second  stud  will  work  in  wheel  e  (N) 

"'80 /  <D) 

Ihcample  2. — ^It  is  required  to  out  a  screw  of  f  of  a  thread  to 
the  inch. 

2  :  j  s=»  g-the  proportional  number. 

Assun^ed  pairs  of  change  wheels. 
80        8        7    8      21 


40^4 

8'*4"82 

70        7 

21   8     96 

80  °'  8 

82'8"^168 

12      4    4)      *=40 
or^ior^s^fxio^y^ 


It  occasionally  happens  that  the  leading  screw  of  the  lathe  is  of 
an  unequal  pitch,  but  the  same  rules  ^  to  be  used  as  in  ordii^ary 
cases. 

JSocample, — ^It  is  required  to  cut  a  screw  of  2|  threads  to  the 
inch;  the  leading  screw  having  1|2  threads  to  the  inch. 

5     95      240       24  , 

o-s-jg  =  jqq  or  Yg  the  proportional  number. 

Assumed  pair  of  change  wheels. 

90  d      8    8    24    96      82    82  >      ^=160/ 
99  80c<^r  J    4i-j[9=57  or  jg ;  ^g  f  x  5^  95^ 

In  Older  to  cut  a  left-handed  screw  a  carrier  wheel  is  interposed 
between  the  mandrel  and  stud- wheels.  This  is  however  not  taken 
into  account  in  calculation,  as  it  merely  serves  to  reverse  the 
motion. 
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CUTTING  ICACHINS. 

9.  Figure  lY^  Plate  29,  shows  the  principal  parts  of  a  wheel- 
catting  machine,    a  represents  the  wheel  to  be  cut,  h  the  tangent 
whe^l,  c  the  wheel  on  the  diyision-plate,  cithe  wheel  on  the  tangent* 
screw-spindle,  and  e  the  number  of  revolutions  of  the  division- 
plate. 

The  formula  for  the  calculation  of  the  change  wheels  is  as  fol- 
lows: 

c  h 

/ 

# 

The  number  of  teeth- wheel  e  on  the  division-plate  divided  by 
the  number  in  wheel  d  on  the  tangent  screw-spindle,  and  the  quo- 
tient multiplied  by  th^  nimiber  of  revolutions,  wiU  be  equal  to  the 
number  of  teeth  in  the  tangent  wheel  b  divided  by  the  number  of 
teeth  in  -the  wheel  to  be  cut  a. 

It  is  required  to  cat  a  wheel  of  60  teeth.  The  tangent  wheel  b 
contains  180  teeth,  and  the  division-plate  e  makes  2  revolutions. 

The  division-plate  may  be  assumed  to  makel  ^,  ^,^1,  2,  8,  4,  &o. 
revolutions,  but  the  greater  the  number  of  teeth  in  the  wheel  to 
be  cut,  the  fewer  revolutions,  there  should  be  of  the  division-plate. 

180 

-g-«60  the  proportional  number. 

The  conditions  of  the  case  are  here  just  contrary  to  screw-cutting. 
The  nimiber  of  teeth  in  the  wheel  to  be  cut  represents  the  denomi- 
nator, and  the  number  in  the  tangent  wheel  the  numerator.  It 
follows,  therefore,  that  the  number  of  teeth  in  the  driving-wheel  o 
on  the  divisiourplate  must  represent  the  numerator,  and  the  num- 
ber in  the  driven- wheel  d  on  the  tangent  screw-spindle^  the  deno- 
minator. 

The  number  of  teeth  in  the  wheel  to  be  cut,  a,  is  contained  8 
times  in  the  number  in  the  tangent  wheel  b\  therefore  the  number 
in  the  wheel  c  on  the  division-plate,  divided  by  the  number  in 
wheel  d  on  the  tangent  screw-spindle,  and  multiplied  by  the  num- 
ber of  revolutions,  must  also  be  equal  to  3. 

10.  We  have  here  (as  in  calculating  change  wheels  for  screw- 
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cutting  when  4  are  nsed)  to  find  a  number  or  fraction,  which,  when 
multiplied  by  2,  shall  produce  8.       ^    . 

2  )  ^'^"«20rf 

The  proportional  number  8  divided  by  2  (revolutions)  gives  Z 

ft  2 

as  a  quotient    The  numerator  and  denominator,  multiplied  by  any 

30 
arbitrjury  number,  10  for  instance,  gives  — ,  which  shows  us  that 

the  driving-wheel  e  of  80  teeth  (N)  must  be  on  the  division-plate 
spindle,  and  the  driving-wheel  <i  of  20  teeth  (D)  on  the  tangent 
screw-spindle. 

PBOOF. 

<r80      8      8     -    6      „ 

The  number  of  teeth  in  the  wheel  c  on  the  division-plate  spindle 
divided  by  the  number  in  wheel  d  on  the  tangent  screw-spindle, 
and  the  quotient  multiplied  by  2  (the  number  of  revolutions),  gives 
the  proportional  number  8. 

Whilst  the  wheel  c  (N)  of  80  teeth  on  the  division-plate  spindle 
makes  1  revolution,  the  wheel  d  (D)  of  20  teeth  on  the  tangent 
screw-spindle  makes  1^.  But  as  the  division-plate  must  revolve 
twice,  the  wheel  rf  on  the  tangent  screw-spindle  will  make  2xli«=3 
revolutions.  Also,  whilst  the  tangent  screw  makes  1  revolution, 
the  tangent  wheel  will  make  f  ^^  of  a  revolution,  as  it  is  moved 
one  tooth  forward ;  but  as  the  tangent  screw  makes  8  revolutions, 
the  tangent  wheel  will  have  been  moved  through  yli)  or  j\j  of  a  revo- 
lution. Therefore,  for  each  double  revolution  of  the  divisioh-plate, 
the  tangent  wheel  makes  «V  of  a  revolution ;  and  as  the  wheel  to 

be  cut  is  to  contain  60  teeth,  the  division-plate  must  make  60 

1     60 
double  revolutions,  and  the  tangent  wheel  60X5A=*5Q«»lrevolu- 

tiouy  whilst  the  wheel  is  being  cut 
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CHAPTER  XyX, 

THi  HANAO£M£NT  OF  8TSEL. 

FoBQiNO,  liardening;  and  tempering'of  steel  is  an  art  yerj  much 
admired ,  the  agreeable  exercise  it  affords  to  the  mind,  the  beautj 
and  utility  of  its  nse,  often  entioe  the  young  mechanic  to  try  hia 
skill,  or  rather  to  gain  a  little  knowledge  of  the  tools  he  uses ;  and 
it  will  be  my  endeavor  to  point  out  the  way  in  as  simple  a  mann«r 
as  possible,  which  will  enable  the  most  inexperienced  to  gain  a 
perfect  knowledge  in  the  hardening  and  tempering  of  the  tools 
they  u^,  likewise  the  qualification  a  tool  should  have  to  be  con- 
sidered a  good-shaped^  tool;  and  it  will  not,  I  presume,  prove 
tminteresting  to  the  general  reader.  It  is  an  art  of  long  standing ; 
but  by  whom  or  when  it  was  first  adopted  I  am  not  prepared  to  de* 
cide.  In  this  place  it  claims  notice  on  account  of  its  contributing 
so  essentially  to  the  perfection  of  all  other  arts ;  and  having  had 
long  experience  in  the  art,  and  wrought  among  thousands  of  dif- 
ferent mechanics,  I  have  had  an  opportunity  of  seeing  that  such  a 
work  as  the  present  is  wanting  among  them ;  and  being  prevailed 
upon  to  write  it>  I  have  taken  the  advantage  of  a  few  leisure  hours^ 
not  merely  to  write  hearsay,  but  practical  experience.     * 

OK  THS  FOBOma  OF  &TEEL. 

Steel  being  one  of  the.  most  valuable  metals  in  general,  and  re- 
quiring great  care  in  the  forging,  hardening,  tempering;  *and  an- 
nealing, and  the  management  of  it  in  general,  I  think,  after  having 
had  nearly  twenty  years'  good  practice,  and  eiq)erience^  and  study 
combined,  I  am  now  able  to  give  a  little  information  to  those  who 
have  not  had  so  much  to  do  with  it  as  I  have ;  and  any  thing  that 
I  here  state  is  from  my  own  practical  experience ;  and  by  follow- 
ing  the  plans  I  shall  here  give,  the  artist  will  meet  with  every 
success.    There  are  many  people  who,  for  the  want  of  a  liitL^ 
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xmefbl  knowledge  on  steel,  refirain  from  making  many  a  good  tool, 
because  they  say  it  is  sure  to  crack  in  hardening ;  but  if  the  steel 
is  good,  and  not  been  spoilt  in  forging  the  article,  by  following  my 
plans  they  never  need  be  •  afraid  that  it  will  be  a  waster.  There 
are  tons  of  the  very  best  steel  condemned  as  bad  steel — at  the  same 
time  it  is  the  forging  of  it  that  has  made  it  bad,  through  men  not 
having  a  proper  knowledge  in  the  managecaent  of  it;  and  those 
masters  who  study  their  own  interest  wiU  only  employ  those  men 
fbr  the  forging  of  steel  on  3Prhom  they  can  most  depend.  For  I 
have  seen  plenty  of  the  very  best  steel  destroyed,  and  have  even 
heard  men  remark  to  each  other,  **  Make  it  well  hot — ^it  will  work 
the  easier,*^  and  I  have  felt  what  a  sad  thing  it  was  to  see  men  that 
knew  better ;  yet  they  would  destroy  their  employer's  property. 
Therefore  I  say,  as  justice  to  the  manufiftcturer  and  supplier  of 
steel,  it  becomes  masters  to  put  those  men  only  at  the  .forging  of 
steel  on  whom  they  can  most  depend. 

In.  forging  of  cast-steel  the  fire  must  be  regulated  by  the  size  of 
the  work ;  and  in  heating  the  steel,  when  the  flames  begin  to  break 
outy  beat  the  coals  round  the  outside  of  the  fire  close  together  with 
the  slice  to  prevent  the'  heat  from  escaping.  To  save  fuel,  damp 
the  coal,  and  throw  water  on  the  fire  if  it  extend  beyond  its  propet 
limits. .  To  ascertain  the  heat  of  the  steel,  draw  it  out  of  the  fire, 
and  that  often,  for  it  requires  to  be  well  watched  to  heat  the  steel 
properly ;  and  if  not  hot  enough,  thrust  it  quickly  in  again.  Soft 
coke  is  even  better  than  coal  for  the  fire.  The  heat  the  steel  re- 
ceives is  judged  of  by  the  eye ;  and  care  should  be  taken  not  to 
use  a  higher  degree  of  heat  than  is  absolutely  nece^tory  to  e£Eect 
the  desired  purpose,  and  to  use  as  few  heats  as  possible ;  too  fre- 
quent and  overheating  steel  abstracts  the  carbon,  gradually  reduc- 
ing it  to  the  state  of  forged  iron  again.  It  is  an  idea  of  many 
men,  that  so  long  as  the  steel  does  not  fly  to  pieces  when  they 
strike  it  with  the  hammer,  it  is  not  too  hot ;  but  it  is  an  erroneous 
idea,  and  easily  proved  when  it  comes  to  be  hardened,  and  when 
it  comes  to  be  used;  but  it  is  an  idea  that  many  men  will  maintain, 
but  it  is  only  for  the  want  of  knowing  better,  and  X  hope  that  this 
will  have  the  effect  of  altering  their  opinion.  I  can  safely  say  that 
no  man  will  ever  injure  the  steel  by  being  too  carefrd  how  he  takes 
his  heats.  Cast-steel  may  be  welded  by  boiling  sixteen  parts  of 
borax  and  one  of  sal  ammoniac  together  over  a  slow  fire  fbr  an 
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hour,  and  wlien  cold  to  be  ground  into  a  powder.  The  erteel  must 
then  be  made  as  hot  as  it  will  conyenientlj  bear,  and  the  borax 
used  as  sand. 

ON"  THS  HABDENIKG  OF  STEEL. 

Now  mj  object  is  tp  show  the  reader  some  of  the  chief  causes 
of  steel  breaking  in  hardening,  and  likewise  to  give  a  few  remedies 
to  prevent  these  causes ;  and  I  am  sure,  from  my  own  experience 
that  whoever  tries  them  will  find  them  correct.  In  the  first  places 
I  wish  to  apprise  the  reader  that  all  bright  steel  requires  a  coating 
of  some  description  before  putting  it  in  the  water,  more  especially 
when  the  article  runs  large,  or  the  sudden  action  of  the  water  on 
ilie  outside  of  the  steel  in  most  instances  is  sure  to  crack  it.  As  a 
proof  of  this,  take  a  piece  of  steel  cut  firom  a  bar  with  the  skin  on, 
harden  it  as  often  as  you  please,  and  you  will  find  that  it  is  a  very 
uncommon  thing  for  that  either  to  crack  or  break,  if  it  is  not  made 
too  hot ;  but  take  the  same  piece  of  steel,  or  another  piece  from 
the  same  bar,  file  or  turn  it  bright,  it  is  quite  likely  to  break  the 
first  time  it  is  hardened.  As  a  proof  that  the  skin  on  the  steel 
prevents  the  water  from  acting  so  suddenly  on  the  outside  of  the 
steel,  in  cooling  it  so  much  sooner  than  the  middle,  common  turn* 
ing-tools  will  always  stand  better,  and  keep  a  finer  edge,  if  the 
tools  are  hardened  from  off  the  hammer  with  the  skin  on,  to  what 
ihey  will  if  they  are  either  filed  or  ground  before  hardening ;  that 
is,  if  the  heat  of  the  steel  is  regulated  so  as  not  to  require  temper* 
ing  after  being  made  hard,  as  the  most  useful  hardness  is  produced 
by  that  degree  of  heat  which  is  just  sufficient  to  effect  the  purpose; 
for  the  hardness  of  steel  depending  upon  the  intimate  combination 
of  its  carbon,  therefore  the  heat  which  effects  this  is  the  best.  But 
there  are  a  number  of  tools  used  in  the  turnery  that  cannot  be 
ground  after  hardening,  therefore  these  must  be  fitted  up  with  the 
file,  and  the  necessary  precautions  used  in  hardening  them ;  for 
not  being  able  to  grind  them  after  they  are  hardened,  owing  to 
their  peculiar  shapes,  it  is  a  matter  of  importance  that  these  should 
stand  weU,  for  were  the  edge  to  chip  through  being  a  little  too 
hard,  or  the  edge  to  rub  off  through  being  a  little  too  soft^  the  tocA 
must  be  softened  and  fitted  up  again,  and  in  many  instances  the 
tool  would  be  wholly  useless,  for  the  proper  size  of  it  would  be 


gone.  Therefore,  if  extra  care  is  to  be  taken  witli  some  tools,  it 
is  the  like  of  tools  that  cannot  be  repaired.  But  all  tools  that  can 
be  ground  after  being  hardened  are  the  better  for  being  hardened 
with  the  skin  on  the  steel;  and  if  the  tool-smith  understands  his 
business,  he  knows  the  proper  shape  of  the  tools  as  well  as  the 
mechanic  who  is  using  them,  and  he  will  give  yery  little  grinding 
to  the  tools,  and  for  water-cracks  there  will  be  none.  In  the 
hard^iing  of  steel,  it  demands  a  nicely  of  management  which  some 
artifitB  are  not  often  very  anxious  to  display,  as  I  shall  here  show^ 
that  some  w6uld  not  give  themselves  the  trouble  to  do  what  they 
really  know  is  requisite  to  do  before  they  put  the  article  in  the 
fire,  therefore  they  put  it  in  and  chance  their  luck.  But  luck  has 
never  been  my  motto — success  is  what  I  always  aimed  at ;  and  it 
has  always  been  my  plan,  if  I  never  gained  credit  to  take  care  I 
never  lost  any ;  and  I  hope  this  will  act  as  a  word  of  advice  to 
fitany  young  men  just  starting  in  the  world.  Before  putting  any 
article  in  the  fire  it  is  necessary  to  examine  its  shape,  as  every 
article  has  a  particular  way  in  which  it  should  go  into  the  water; 
tiierefore,  it  is  requisite  to  know,  before  it  is  put  into  the  fire, 
which  way  it  is  to  be  put  into  the  water  wh&n  it  is  drawn  firom, 
the  fire;  likewise  the  water  has  to  be  studied  into  which  the  arti- 
cle k  put,  and  likewise  the  heat  on  the  article  before  it  is  put  in 
the  water,  and  the  position  of  it  in  putting  it  in  the  water.  '  Water 
tiiat  is  intended  for  hardening  with  should  never  be  dead-cold; 
and  the  heat  of  the  article,  if  the  steel  is  good,  should  never  ex- 
ceed that  of  a  low  red  heat ;  for  if  the  water  is  dead-cold,  and  the 
steel  a  little  toS>  hot,  there  is  as  much  risk  of  its  breaking  as  there 
is  by  pouring  boiling  water  into  a  glass  bottle ;  for  dead-cold 
water  acting  so  sudden  on  the  outside  of  the  steel,  the  expansion 
of  the  middle  is  more  than  the  outside  can  bear,  so  it  causes  the 
steel  to  break ;  therefore,  to  avoid  such  risk,  get  a  quantity  of 
lighted  charcoal,  or  a  bar  of  ignited  iron,  and  put  it  in  the  water, 
just  sufficient  to  take  the  chill  off;  in  capping  any  article  in  the 
water,  if  there  is  a  stout  part  and  a  thin  part,  always  let  the  stout- 
est part  go  in  the  water  first,  and  as  near  the  centre  of  the  water  as 
possible,  so  that  there  is  an  equal  pressure  of  water  surrounding  it; 
by  putting  the  stoutest  part  in  the  water  foremost  it  causes  the 
article  to  cool  more  bqual,  whereas  if  .the  thin  part  be  put  in  the 
water  foremost  it  is  cold  first,  and  the  stout  part  having  to  contract 
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after  the  thin  part  is  cold,  the  thin  part  cannot  gire,  conseqntatly 
it  has  to  break.  Bat  this  cannot  always  be  done,  as  there  are  no 
means  of  getting  the  stoutest  part  of  some  articles  in  the  water 
foremost ;  for  instance,  such  an  article  as  a  feather-edge  milling* 
ontter,  and  many  other  things  which  have  their  stoutest  part  in 
£he  centre, — ^thrae  must  be  put  in  perpendicular,  by  putting  a 
piece  of  strong  wire  through  the  hole  in  the  centre,  and  putting  il 
gently  into  the  water ;  and  instead  of  moving  it  backwards  and 
forwards  in  the  water,  lift  it  up  and  down,  so  that  fresh  water  pass 
through  the  centre  every  time  it  is  lifted  up  and  down,  and  the 
deeper  the  taiik  the  better  it  is ;  but  in  lifting  it  up  it  must  not  be 
allowed  to  come  above  the  water,  or  it  will  be  sure  to  crack ;  the 
outside  edges  of  such  articles  being  much  thinner  than  the  middle, 
ihej  are  cold  sooner,  so  that  the  middle  is  wanted  cold  as  quick  ad 
possible  with  the  outside  edges ;  and  w^re  it  drawn  backwards  and 
forwards  in  the  water,  the  water  being  warm  in  the  hole  in  the 
centre,  it  is  longer  in  coolipg,  the  outer  edge  being  dead-eold,  and 
the^^ddle  of  the  cutter  contracting,  the  outside  is  too  cold  to  give^ 
so  it  ends  in  the  article  breakiag ;  so,  by  a  little  attention  to  the 
above,  they  are  accomplished  without  breaking  them.  The  wire 
that  is  used  to  bear  the  cutter  while  dipping  it  in  the  water  must 
have  three  forks  at  the  end  for  the  cutter  to  lie  upon,  so  that  there 
is  no  obstruction  to  the  water  passing  fireely  through  the  hole; 
with  the  inexperienced  it  is,  just  heat  it,  and  put  it  in  the  water, 
without  i^egard  to  any  thing  which  causes  such  losseis  to  the  em* 
ployer,  and  then  it  is  condemned  as  bad  steel ;  but  it  is  not  all  bad 
steel  that  breaks,  for  the  very  best  steel  will  bre&,  if  it  is  not 
properly  managed. 

I  speak  from  experience  that  the  shape  of  different  articles  has 
to  be  studied ;  for  instance,  take  such  an  article  as  an  eccentrio 
collar  in  the  way  of  example,  which  shall  be  one  and  a  half  inchcB 
thick  on  one  side,  and  a  quarter  of  an  inch  on  the  other,  having 
a  two-inch  hole  in  it  for  the  shaft ;  in  hardening  this  it  is  most 
certain  to  break  in  the  weak  side,  for  one  side  being  ao  thin,  it  is 
cold  almost  instuatly,  and  the  stout  side  contracting  after  the  other 
is  cold,  it  pulls  it  asunder.  By  taking  a  littie  trouble  all  this  risk 
is  avoided.  Before  such  an  article  as  the  above  be  put  in  the  ftre, 
fit  a  piece  of  iron  round  the  thin  part,  so  that  it  is  made  up  to  the 
thickness  of  the  stout  part,  or  a  little  thicker,  and  bind  it  on  with 
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a  piece  of  binding  wire,  and  ooat  it  with  potash^  and  I  will  guar- 
antee that  it  hardens  without  breaking,  because  one  part  then  is 
cold  as  soon  as  the  other.  There  are  various  things  that  steel  can 
be  coated  with,  such  as  soft  soap,  black  lead,  or  plumbers'  size ; 
but  in  hardening  in  a  common  fire,  or  a  fiimace,  the  prussiate  <^ 
potash  is  the  best;  but  in  hardening  in  lead,  soft  soap,  black  lead, 
or  plumbers'  size  answers  exceedingly  well.  In  coating  of  steel, 
you  first  get  the  article  just  red,  draw  it  {torn  the  fire,  haying  the 
potash  already  powdered  up  fine^  and  in  a  box  with  small  holes  in 
the  lid,  similar  to  a  grater;  shake  the  box  till  there  is  a  coat  all 
over  the  article^  put  it  in  the  fire  again  till  it  gets  to  the  desired 
heat,  and  it  is  then  ready  to  put  into  the  water,  except  in  very  large 
articles,  where  there  is  a  great  body  of  steel.  It  is  requisite  then 
to  draw  it  from  the  fire  a  second  time,  and  give  it  another  sprinkle 
of  potash,  so  as  to  give  it  a  thicker  coat.  By  binding  a  little 
binding  wire  about  it,  it  assists  to  make  the  potash  cling  more 
firmly  to  it  There  are  many  things  th§t  require  to  be  hardened, 
where  the  substance  of  the  steel  is  so  ^at  that  it  is  necessary  to 
bore  holes  about  it  in  different  pltfces  to  make  it  cool  more  equally; 
in  very  large  cutters  some  are  apt  to  have  the  hole  where  the  spin- 
dle passes  through  too  small,  so  that  large  and  small  cutters  may 
fit  the  same  spindle;  but  the  larger  the  cutter  the  larger  the  hole 
should  be ;  or  otherwise  bore  a  few  holes  round  the  middle  hole, 
so  that  the  substance  of  the  steel  ia  reduced,  and  it  will  not  inter- 
fere with  the  strength  of  the  cutter,  and  there  is  then  no  danger 
attending  it  in  hardening.  But  if  it  happen  that  any  article  that 
has  to  be  hardened  has  any  holes  about  it  near  to  the  very  edge,  it 
is  then  requisite  to  stop  these  holes  up  with  a  piece  of  loom,  and 
it  will  prevent  the  hole  breaking  out  Any  size  cutters,  bushes^ 
gauges,  rings,  or  collars^  or  articles  of  any  description,  may  be 
hardened  Vdthout  breaking  by  following .  the  rules  I  lay  down. 
Sometimes  a  steel  ring  or  a  cutter  is  required  to  have  one  thin 
edge;  these  must  be  put  in  the  water  with  the  stoutest  part  aown- 
wards,  and  if  the  edge  is  very  thin,  it  must  not  be  put  in  the  water 
too  suddenly.  In  very  large  round  steel  it  is  sometimes  necessary 
to  bore  a  hole  through  the  centre  to  allow  the  water  to  pass 
through,  and  even  then  it  will  break  asunder  if  it  be  drawn  back- 
wards and  forwards  in  the  tank ;  this  should  always  be  lifted  up 
and  down  in  the  water  to  allow  fresh  water  to  pass  through  the 
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liole,  Tinless  when  it  is  tinder  the  water ;  if  it  be  turned  on  to  its 
side,  it  can  then  be  drawn  backwards  and  forwards  with  the  same 
result.  It  sometimes  happens  that  there  is  a  fracture  in  the  steel 
before  it  is  hardened:  this  can  be  detected  when  the  article  is  in  the 
fire,  and  at  a  low  heat  This  fracture  is^  sonietimes  found  in  the 
steel  as  it  comes  from  the  manufacturer,  and  very  often  caused  in 
the  forging  by  excessive  heating,  and  oftentimes  the  hardener  gets 
blamed  for  faults  which  belong  to  other  men.  If  there  is  a  crack 
in  the  steel  when  it  is  just  led,  it  can  be  detected,  but  hardening 
wiU  not  mend  it ;  it  may  be  useful  to  some  to  know,  that  if  a  piece 
of  binding  wire  be  bound  round  any  article,  and  a  piece  of  loom 
wrapped  round  the  wire,  the  wire  merely  to  keep  the  loom  from 
&lling  ofl^  and  after  drying  the  loom,  the  article  may  be  put  in  the 
fire  and  heated  all  over,  and  when  suffici^itly  hot  it  may  be  put 
into  the  water,  and  the  part  that  has  the  loom  round  it  will  remain 
soft,  because  the  water  cannot  penetrate  through  the  loom  quick 
enough  to  harden  the  steel.  K  the  loom  be  on  the  middle,  the 
ends  only  will  be  hard ;  but  if  the  loom  be  on  the  ends,  the  middle 
will  be  hard,  and  the  ends  soft,  and  the  mechanic  will  find  this  plan 
Tery  useful  in  many  cases.  In  hardening  of  steel,  the  more  the 
water  is  hardened  in  the  better  it  is  for  the  purpose ;  but  accord- 
ing as  it  wastes,  fresh  water  must  be  added  to  i1^  and  as  it  is  Jiecefl- 
saiy  to  clean  the  tank  out  occasionally,  before  using  fr^sh  water,  it 
is  best  to  make  it  vfeU  hot  by  putting  a  bar  of  ignited  iron  into  it, 
and  let  it  get  cold  again  before  using  it;  for  when  dead-cold  water 
is  used,  there  is  always  a  risk  of  the  steel  cracking. 

As  there  is  such  a  variety  of  different  shaped  articles,  to  speak 

separately  of  every  one  would  require  a  whole  volun^e;  therefore 

I  think  the  necessity  for  a  much  further  nunuteness  of  detail,  will 

he  removed  by  a  little  observation  and  experience.    My  mode  of 

^^^tment  of  steel  in  some  cases  may  be  classed,  perhaps,  among 

^ose  inventions  which  some  are  apt  to  wonder  they  never  thought 

of,  and,  like  many  other  things,  very  simple  after  they  are  made 

^O'w^n,  the  simplicity  of  which  raises  their  value ;  but  simple  as 

^"®y  ttLay  appear  to  some,  they  are  fiicts  of  great  importance  in 

the  xjcxanagenlfent  of  steel.    By  applying  aquafortis  to  the  surfisKse 

OT  ste^i  previously  brightened,  it  immediately  produces  a  black 

*pot  ;    if  appUed  to  iron  the  metal  remains  clean,  but  looking  a' 

^*0.e  ^Juii  -^liere  the  acid  touched  it.    By  this  test  iron  may  be 

23 
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known  from  steel,  as  the  smallest  yein  of  either  will  be  distin* 
guished  by  its  peculiar  sign.  There  are  many  large  things  broken 
by  taking  them  out  of  the  water  before  they  are  thoroughly  cold, 
and  some  people  are  of  the  opinion  that  it  is  the  action  of  the  air 
On  the  steel  which  causes  it  to  break;  but  my  opinion  is,  that  the 
middle  of  the  steel  not  being  thoroughly  cold,  and  the  outside  of 
the  steel  being  quite  cold,  the  instant  the  steel  is  lifted  from  the 
water  the  middle  begins  to  expand,  and  the  outside  being  quite 
hard,  the  expansion  is  more  than  the  outside  can  bear,  so  it  causes 
it  to  break ;  but  be  this  as  it  may,  it  is  a  real  fact,  that  if  a  large 
body  of  steel  be  taken  out  of  the  water  before  it  is  thoroughly 
cold,  in  nine  cases  out  of  ten  it  is  sure  to  break.  If  a  large  piece 
6f  iron  is  heated  and  put  in  the  water,  and  kept  under  the  water  a 
considerable  time,  after  the  outside  of  the  iron  is. black,  draw  it, 
out  of  the  water ;  in  a  few  seconds  the  heat  from  the  middle  of 
the  iron  will  turn  the  outside  to  a  red  heat  again.  Water  acts  on 
steel  in  a  similar  manner.  When  first  the  article  is  put  into  the 
water,  the  water  begins  to  act  on  the  outside  of  the  steel,  cooling 
it  gradually  towards  the  middle ;  and  if  taken  from  the  water  be- 
fore it  is  quite  cold,  the  heat  from  the  middle  begins  to  act  on  the 
outside  of  the  steel  in  a  contrary  way  to  the  water,  by  straining 
the  outside  of  the  steel  more  than  it  can  bear ;  and  in  most  in* 
stances  I  have  noticed,  when  I  have  been  trying  experiments,  that 
as  soon  as  the  "water  dries  on  the  steel,  it  cracks,  and  the  larger  the 
steel  the  greater  the  risk,  so  it  is  important  that  it  should  be  quite 
cold,  before  it  is  taken  out  of  the  water,  if  the  article  be  in  any 
way  large. 

It  is  not  requisite  that  the  article  should  lie  in  the  water  till 
lihe  water  is  dead-cold,  for  in  some  instances  the  article  is  wanted 
for  use  as  soon  as. possibly  it  can  be*  had;  in  such  cases,  if  the 
article  is  not  too  large  to  go  into  a  handbowl,  put  the  bowl 
under  the  water  in  the  tank,  and  place  the  article  in' the  bowl,  lift 
the  bowl  and  the  article  out  together,  with  the  water  covering  the 
article  in  the  bowl,  and  then  sink  the  bowl  with  the  article  still  in 
it  into  another  tank  of  dead-cold  water,  or  under  a  tap,  with  cold 
water  running  on  it,  and  it  will  in  a  short  time  be  ready  to  lift  out 
But  if  the  article  is  too  large  to  go  into  a  bowl,  prut  it  in  a  bucket 
and  act  as  I  have  stated,  and  it  will  then  come  out  safe  without  ft 
crack,  and  it  will  not  crack  after  it  is  out,  as  hundreds  of  things 
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break,  by  lifting  them  out  before  they  are  cold.  I  have  had  very 
large  things  to  harden  that  have  taken  weeks  to  make,  and. had  I 
not  taken  these  precautions^  which  some  are  apt  to  think  too  much 
trouble,  I  should  have  had  many  a  waster ;  but  trouble  I  never 
think  about»  success  has  always  been  my  aim,  and  experience 
teaches  me  to  giVe  this  little  information  to  those  that  have  not 
had  the.  opportunity  of  having  the  experience  I  have  had.  There 
are  many  things  cracked  in  hardening,  by  heating  the  article  all 
over,  and  then  dipping  it  in  the  water  half-way.  Such  things  as 
taps,  drifts^  and  numerous  other  articles,  should  always  be  hard^ 
ened  all  over,  if  they  are  heated  all  over,  and  then  if  one  part  is 
required  softer  than  the  other,  it  is  best  to  soften  it  after,  or  other- 
Wise  not  to  heat  it  farther  than  where  it  is  required  hard ;  for  if 
they  are  heated  all  over,  and  you  in  dipping  them  in  the  water 
stop  at  any  particular  part,  and  hold  it  still  in  that  spot,  if  the 
water  is  quite  cold,  in  nine  cases  out  of  ten  there  will  be  a  crack 
at  the  very  spot  which  is  level  with  the  top  of  the  water,  and  in 
some  cases  it  will  break  clean  asunder  at  that  particular  spot,  as 
straight  nearly  as  if  it  were  sawn  through  with  a  saw.  But  these 
cracks  may  be  prevented  in  a  very  great  measure  by  simply  putting 
the  water  in  motion,  or  moving  the  article  quickly  about  when  it 
is  in  the  water  as  &r  as  it  is  required  hard;  the  water  is  then 
prevented  firom  acting  so  evenly  round  it ;  or  otherwise,  if  a  few 
coils  of  binding-wire  be  bound  round  the  part  intended  to  be  level 
with  the  top  of  the  water,  and  a  coat  of  potash  put  about  the  wire, 
'there  will  be  no  crack  there,  as  it  prevents  the  water  from  acting 
so  suddenly  on  it.  But  in  many  things  where  the  heat  that  is  on 
the  article  is  wanted  to  temper  the  part  that  is  dipped  in  the  Water, 
such  as  chisels,  drills,  and  the  like  articles ;  these  things,  when 
they  are  dipped  to  the  depth  required  to  harden  them,  should 
always  be  moved  quickly  about  in  the  water,  and  it  mil  prevent 
many  a  dril>  screwing  off  in  that  particular  spot^  and  prevent 
many  a  chisel  breaking.  I  have  no  doubt  that  many  readers 
of  this  book  have  noticed  when  they  have  been  chipping,  that 
thdr  chisels  have  brol&n  clean  of^  about  an  inch  from  the  edge, 
with  a  very  light  blow  from  the  hammer,  and  the  cause  of  that  is 
in  a  great  number  of  instances,  by  holding  the  chisel  still  in  the 
water  when  hardening  it;  for  the  water  cooling  it  across  in  a 
straight  line  causes  the  hardened  part  to  tear  from  the  other,  yet 
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.  not  sufficient  to  show  till  sach  time  it  1$  atruck  witli  the  hammer, 
and  then  it  drops  of^  and  if  the  break  be  examined  it  can  be  seen 
that  the  water  did  it.  Bnt  these  kind  of  articles  having  the  skin 
on  the  steel  when  they  are  dipped  in  the  water,  it  prevents  the 
water  from  having  just  the  same  effect  on  them  as  it  does  on 
articles  previously  brightened.  I  recollect  once  having  a  quantity 
of  small  drifts  to  harden,  and  I  was  requested  to  keep  the  heads 
Soft,  so  I  put  a  certain  nxunber  of  them  in  a  box,  with  dust  char- 
coal to  heat  them,  and  when  sufficiently  hot,  I  shot  them  in  the 
water  with  the  intention  of  softening  the  heads  after ;  but  I  found 
upon  examining  them  that  I  had  a  number  of  them  very  crooked, 
owing  to  being  very  slight,  and  going  from  the  box  so  suddenly 
into  the  water ;  so  I  adopted  another  plan,  by  heating  a  certain 
number  together,  and  taking  tiiem  out  separately,  and  dipping 
them  straight  and  gently  into  the  water,  which  answered  the  pur- 
pose so  far.  But  it  took  a  little  longer  to  dip  them  separately ;  so 
thinking  to  save  this  extra  time,  I  thought  I  would  only  dip  them 
in  the  water  as  far  as  I  required  them  hard,  and  that  would  save 
me  the  trouble  of  softening  the  part  that  was  not  required  hard. 
But  not  caring  about  going  ahead  with  any  quantity  of  things  till 
such  time  I  make  myself  sure  that  all  is  g6ing  on  well,  after  I 
had  done  about  two  dozen  I  examined  them,  and  I  did  not  find 
one  of  them  but  what  was  cracked  at  the  part  that  was  level  with 
the  top  of  the  water,  so  I  dipped  the  remainder  all  over,  and  not 
a  crack  appeared  in  one  after.  I  then  made  some  lead  red-hot  and 
dipped  the  parts  that  were  required  soft  into  it,  and  accomplished 
them  very  nicely.  So  I  think  I  have  said  sufficient  to  convince 
the  reader  that  what  I  say  is  correct,  and  there  are  thousands  of 

'  people  that  have  an  c^portunity  of  proving  it^  and  I  will  speak  of 
nothing  but  what  I  have  proved  from  experience  to  be  correct. 
But  to  describe  minutely  the  various  kinds  of  articles  that  I  have 
had  to  do  with  would  be  more  likely  to  tire  than  to  please  the 
reader.  But  1  will  give  sufficient  information,  if  properly  studied, 
to  enable  the  mechanic  to  harden  shd  temper  any  thing  that  comes 
to  hand.  It  may  be  useful  to  warn  the  nfechanic  that  drilling  too 
large  a  centre  in  articles  intended  to  be  hardened  is  a  very  great 
evil,  such  things  as  taps,  fluted  rimers,  and  such  like  articles ;  for 
when  hardened,  if  the  centre  is  too  large,  there  is  almost  sure  to 
be  a  fracture  at  the  bottom  of  the  centre,  therefore,  it  is  best^  after 
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the  article  in  finished/to  file  the  centre  out,  if  the  centre  is  not  , 
required  in ;  but  in  some  articles  the  centres  are  required  in  them 
liter  hardening.  But  if  the  hardener  should  meet  with  articles 
that  he  considers  hare  too  large  a  centre  in  them,  and  that  there  is 
a  risk  of  having  a  crack  in  them,  if  he  stop  the  centre  up  with  a 
piece  of  loom  to  keep  the  water  out  of  it,  there  is  little  or  no 
clanger  of  its  cracking. 

I  was  once  working  for  an  employer  that  had  a  large  order  for 

taps,  and  he  said  that  he  did  not  approve  of  cutting  the  steel  down 

into  lengths  with  a  chisel,  for  he  found  *that  a  number  of  his  taps 

had  a  fracture  in  them  by  breaking  the  steel  after  it  was  nicked 

round  with  the  chisel,  which  I  will  admit  is  often  the  case  if  a  dull 

chisel  is  used  to  nick  it  round  with,  and  it  will  not  be  visible  till 

after  it  is  hardened,  and  then  it  shows.    But  this  was  not  the  case 

in  that  instance ;  for  when  I  examined  the  taps  Z  found  that  the 

centres  were  to  large,  and  at  the  bottom  of  the  centres  there  were 

the  fractures ;  but  I  would  advise  all  those  that  cut  their  steel  down 

irith  a  chisel,  always  to  keep  a  good  sharp  edge  on  the  chisel,  for 

the  steel  will  then  break  easier,  and  be  less  liable  to  splinter ;  in 

hardening  a  number  of  articles  at  one  time  it  is  best  to  put  them 

all  into  a  box  together  with  some  dust  charcoal,  and  let  them  lie 

till  they  have  acquired  the  low  red  heat  called  cherry  red,  and 

then  empty  the  contents  of  the  box  into  the  water,  they  will  then  be 

very  clean,  without  scales,  and  beautifrdly  hard.    It  is  a  very  good 

phm  for^all  small  taps;  and  as  it  is  usual  to  temper  these  things  to 

a  color  after  they  are  hardened,  it  is  necessary  to  know  that  they 

are  aU  hard  before  beginning  to  temper  them,  a.  it  wiU  sometim^ 

happen  that  there  wiU  be  some  among  them  that  are  scarcely  hard. 

If  the  box  has  been  taken  from  the  fire  before  it  has  been  pro- . 

perly  heated  through,  then  the  middle  articles  in  the  box  will 

prove  not  hard  enough,  so,  to  make  sure  of  good  work,  always  try 

them  with  a  smooth  file  to  prove  them,  for  in  some  instances  one 

bad  article  would  get  all  the  lot  condemned,  even  if  all  the  others 

were  right    Bat  the  Use  of  thd  file  cai>  be  dispensed  with  if  they 

are  brightened  on  a  bufiT,  or  a  stone,  which  are  the  proper  things 

for  the  purpose ;  for  the  persons  that  brighten  them  wiU  find,  if 

they  are  properly  hard,  plenty  of  brisk  lively  sparks  fly  from 

them  when  tiiey  are  held  on  the  buff;  and  if  they  are  not  hard 

enough  there  will  be  very  little  fire  in  them,  therefore,  with  a  very 
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,  li^le  attention^  those  that  are  soft  can  be  detected  and  put  aside» 
and  heated  again  with  the  next  batch.  Dies  may  be  put  in  a  box, 
and  hardened  after  the  same  manner.  I  have  found  red-hot'  lead 
to  be  a  conyenient  thing  to  heat  many  things  in ;  but  to  be  con- 
stantly employed  at  it,  I  believe  it  to  be  very  injurious  to  health. 
I  have  been  employed  at  it  for  weeks  together,  and  have  felt  very 
bad  effects  from  it,  and  I  always  avoid  using  it  except  in  cases  of 
necessity.  But  there  are  many  things  that  can  be  accomplished 
better  by  heating  them  in  lead  to  what  they  can  any  other  way ; 
such  things  as  long  fluted  rimers,  and  various « other  things  that 
are  a  great  length,  for  they  will  always  keep  straighter  by  heating 
them  in  lead  to  what  they  will  if  they  are  heated  in  a  coi^imoa 
furnace.  If  the  article  be  very  long,  it  must  not  be  put  into  the 
lead  too  suddenly,  or  it  will  be  sure  to  go  crooked,  for  by  plung* 
ing  a  cold  piece  of  steel  too  suddenly  into  red-hot  lead  causes  it  to 
go  crooked^  the  same  if  plunged  too  suddenly  into  cold  water ; 
they  should  be  gradually  put  into  the  lead,  and  gradually  into  the 
water,  with  a  little  salt  in  the  water  to  keep  it  from  bubbUng,  for 
it  is  not  every  thing  that  can  be  straightened  after  it  is  hard  with- 
out  damaging  it,  or  softening  it  again.  It  must  always  be  avoided 
never  to  have  the  lead  too  hot,  or  the  articles  will  be*  spoilt,  for 
they  will  be  found  to  be  fall  of  little  holes,  if  closely  examined. 
Before  putting  the  ar^^cles  in  the  lead  it  is  necessary  to  rub  them 
over  with  a  little  soft  soap,  or  mix  a  little  black  1^  with  water 
and  brush  them  over  with  it,  or  plumbers'  size,  and  they  will  come 
out  of  the  water  dean,  without  the  lead  sticking  to  them.  If  the 
black  lead  is  used  they  must  be  dried  before  they  are  put  in  the 
lead,  or  it  is  likely  to  cause  the  hot  lead  to  fly  if.  they  are  put  in 
damp;  but  the  soap  does  not  require  to  be  dried. 

One  advantage  in  heating  large  fluted  rimers  in  lead  is,  if  they 
go  crooked  in  hardening  they  can  be  straightened  when  hard,  for 
as  soon  as  the  cutting  ribs  of  the  rimer  are  hot.  they  must  be 
taken  out  and  put  in  the  water.  The  middle  of  the  steel  will  then 
be  quite  soft,  because,  being  in  the  lead  ^lich  a  short  time,  the 
middle  has  not  got  heated  through,  consequently  the  middle  cannot 
harden ;  if  it  go  crooked,  by  laying  the  rimer  on  a  block  of  hard 
wood,  or  a  block  of  lead,  and  putting  a  piece  of  wire  into  the 
grove  of  the  rimer,  and  striking  the  wire  with  the  hammer,  the 
rimers  can  then  be  straightened  without  breaking  them,  even  when 
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the  catting  edges  are  dead  hard ;  but  if  they  are  tempered  befote 
they  are  straightened,  they  will  straighten  the  easier.  There  is 
little  or  no  danger  of  breaking  them  if  they  are  not  allowed  to  get 
heated  all  through ;  such  things  as  these  will  always  be  hot  on  tihe 
catting  edges  first,  which  are  the  only  parts  required  hard.  Bat 
in  respect  to  snudl  rimers,  they  camiot  be  straightened  the  same 
way,  for  they  get  hot  all  through  almost  instantly  they  are  put  in 
the  lead,  but  are  not  so  likely  to  go  crooked  as  if  heated  in  the 
^fire ;  small  rimers,  when  they  have  gone  crooked,  I  have  taken 
them  from  the  water  before  they  have  got  quite  cold,  and  placed 
them  between  two  centres,  and  given  them  a  blow  on  the  full  side 
with  a  small  mallet,  or  if  laid  on  a  block  of  hard  wood  it  will 
answer  the  same.  But  there  is  a  great  risk  of  breaking  them  if 
they  are  too  cold  when  they  are  struck  with  the  mallet,  therefore, 
if  any  prove  too  crooked  to  straighten  this  way  it  is  best  to  heat 
them  again.  But  in  these  kinds  of  small  articles  the  hardener,  if 
he  has  a  large  quantity  to  do,  must  always  expect  a  little  waste; 
of  small  ones  Zused  to  average  about  one  in  two  hundred  a  waster, 
and  in  the  large  size  not  one  in  five  hundred.  Any  quantity  of 
articles,  such  as  drills,  bitts,  &;c.,  may  be  expeditiously  hardened  by 
dipping  their  points  in  the  lead,  and  cooling  them  in  water;  a  pair 
of  tongs  with  long  jaws  is  very  convenient  for  holding  a  quantity 
at  one  time ;  if  the  articles  are  of  an  unequaj  thickness,  and  one  jaw 
of  the  tongs  be  made  hollow  and  one  flat,  a  piece  of  soft  wood 
may  be  put  in  the  hollow  jaw,  the  tongs  will  then  grip  them  all ; 
any  quantity  may  be  hardened  as  expeditiously  as  a  single  article, 
if  there  be  sufficient  lead.  Another  thing  to  be  observed  is,  that 
the  sur&ce  of  melted  lead  becomes  quickly  covered  with  a  skin, 
which  is  the  effect  of  the  air  on  the  surface,  and  it  wastes  the  lead 
so  flEist  that  it  becomes  an  object  of  importance  to  those  who  use 
much  lead  to  check  its  formation,  or  to  convert  it  when  formed 
into  the  metallic  state  again.  Charcoal  converts  the  dross  into 
metal  again ;  but  if  a  covering  of  charcoal  or  cinders  be  kept  on 
the  lead,  the  dross  will  not  form,  for,  allowing  it  to  form  the  lead 
is  not  only  wasted,  but  it  is  a  great  obstruction  in  putting  the 
articles  in  the  lead,  likewise  in  taking  them  out ;  any  long  plate 
of  steel  that  requires  hardening  only  on  one  edge,  lead  is  an  excel- 
lent thing  to  heat  it  in,  for  it  need  not  be  heated  any  farther  than 
where  it  is  wanted  hard,  and  it  will  then  keep  straight  in  harden- 
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ing.  But  if  it  is  heated  all  over  in  a  fomaoe  and  put  in  th^ 
water  all  over,  it  will  be  warped  all  shapes  and  cause  a  deal  of 
trouble  in  setting  straight^  especiaUj  to  those  who  are  unacquainted 
with  the  setting  of  hardened  steel ;  and  if  it  is  heated  aU  over,  an4 
one  edge  only  dipped  in  the  water,  the  edge  that  goes  in  the  water 
will  be  rounding,  and  the  edge  that  does  not  go  in  the  water  will 
behoUow;  this  is  owing  to  the  steel  expanding  in  hardening,  for 
the  steel  expanding  in  hardening  causes  the  edge  that  goes  in  the 
water  to  get  longer,  and  the  other  edge  being  kept  out  of  the 
water,  and  still  hot,  the  hardened  edge  expanding  longer  pushes 
the  other  part  of  the  steel  round,  causing  the  edge  that  is  out  of 
the  water  to  be  hollow.  But  if  it  is  heated  in  red-hot  lead,  and 
the  edge  only  that  is  required  hard  put  in  the  lead,  the  ether  part 
will  be  quite  cold ;  and  when  it  is  put  in  the  water  all  over  the  hot 
part  has  not  sufficient  strength  in  it  to  alter  the  cold  part,  conse- 
quently, the  cold  part  of  it  keeps  the  hardened  part  true ;  the 
colder  the  water  the  more  effectually  it  hardens  the  steeL  Brinish 
liquids  produce  rather  more  hardness  than  common  water,  but  in 
most  cases  common  water  answers  the  purpose.  But  water  hold* 
ing  soap  in  solution  prevents  the  steel  from  hardening ;  but  as 
th^e  are  many  things  used  in  machinery  that  require  to  possess 
the  greatest  possible  degree  of  hardness,  it  is  necessary  with  such 
things  to  use  a  saline  liquid.  Gauges,  burnishers,  and  certain 
kinds  of  dies,  recjuire  to  be  very  hard ;  also,  a  file  requires  a  nice, 
hard  tooth.  But  when  steel  is  required  to  be  made  extremely 
hard  it  may  be  quenched  in  mercury.  But  this  can  only  be  done 
on  a  small  scale.  * 

ON  THE  TSKPEBINO  OF  STEEIi. 

A  rod  of  good  steel,  in  its  hardest  state,  is  broken  almost  as 
easily  as  a  rod  of  glass  of  the  same  size,  and  this  brittleness  can 
only  be  diminished  by  diminishing  its  hardness ;  and  in  this  man- 
agement  consists  the  art  of  tempering.  The  colors  which  appear 
on  hardened  steel,  previously  brightened,  ar^  a  light  straw  color, 
a  dark  straw,  gold  color,  bipwn,  purple,  violet,  and  deep  blue. 
These  colors  appear  in  succession  as  the  hardness  gets  reduced. 
There  are  various  ways  of  tempering  steel,  as  it  depends  what  the 
nature  of  the  articles  is,  likewise  the  quantity  of  them, — ^for,  in  a 
number  of  instances,  a  great  number  of  articles  mav  be  tempered 
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as  expeditiouslj  as  a  smgle  article.  To  temper  any  article  to 
eolor  thej  mtifit  be  brightened  after  they  are  hardened,  and  then 
laid  on  a  plate  of  hot  iron,  or  upon  the  sur&ce  of  melted  lead,  or 
in  hot  sand,  or  burning  charcoal,  or  held  in  the  centre  of  an 
ignited  iron  ring,  or  in  the  mouth  of  a  furnace,  or  on  a  gas  stove 
made  for  the  purpose.  But  in  making  a  furnace  for  hardening 
with,  it  is  a  good  plan  to  have  the  top  of  the  furnace  made  with  a 
good  stout  plate  of  cast-iron,  so  that  the  plate  will  always  be  hot, 
ready  to  temper  any  thing  that  can  be  done  on  a  plate.  And  i% 
will  do  to  put  the  sand  on,  and  fcfr  many  other  useful  pnrposes, 
especially  if  the  plate  be  movable,  and  a  small  opening  left  in  the 
front  of  the  furnace  from  the  top  down  to  the  mouth  just  to  admit 
the  tongs.  And  at  any  time  that  hot  lead  is  required^  the  plate 
can  be  removed  and  the  pot  of  lead  placed  in  the  furnace :  the 
plate  can  then  be  put  back  into  its  place.  And  the  opening  in  the 
j&ont  will  be  very  convenient  for  getting  the  articled  in  the  lead. 
And  when  the  opening  is  not  required,  it  may  be  stopped  with  a 
piece  of  sheet-iron :  for  by  a  ftimace  of  this  description  it  is  sur* 
prising  the  amoxmt  of  hardening  and  tempering  that  can  be  ac* 
oomplished.  For  large  things  take  a  considerable  time  in  heating, 
and  whUe  the  hardener  is  waiting  for  them  getting  hot>  he  ihay  be 
engaged  tempering  on  the  top  of  the  ftimace,  and  stUl  have  his 
attention  on  the  other  articles.  In  the  way  of  case-hardening,  a 
man^s^sole  attention  is  not  required  on  the  articles  all  the  time  they 
are  in  the  fire,  as  many  things  lie  for  hours  before  they  are  ready 
to  put  in  the  water,  and  he  may  then  be  engaged  in  tempering. 
But  if  this  plate  should  prove  too  hot  for  small  articles,  another 
piece  of  plate  may  be  laid  on  the  top  of  it,  and  the  articles  laid 
on  the  top  plate.  But  it  is  not  every  one  that  has  large  quantities 
to  temper  so  as  to  require  a  furnace  or  tempering-stove,  but 
having  a  few  articles  to  do  occasionally,  such  as  hobs,  taps,  dies, 
drifts,  rimers,  chases,  drills,  &c,  for  the  nse  of  the  shop.  In  such 
cases  the  use  of  the  iftimace  can  be  dispensed  with  ;  for  a  small 
quantity,  they  may  be  heated  in  a  common  smith's  fire  and  hard- 
ened in  the  usual  way.  Taps  may  then,  after  they  are  brightened, 
be  held  inside  of  an  ignited  iron  ring  till  a  dark  straw  color  ap- 
pears on  the  surface,  and  then  plunged  into  cold  water.  This  is  * 
the  best  temper  for  general  use ;  but  if  it  is  intended  for  any  ex* 
press  purpose — for  cutting  things  that  are  extra  hard — ^in  such 
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cases  a  liglit  straw  color,  or  yellowish-wliit^  will  be  reqturedL 
Hobs  require  to  be  a  yellowisb-white :  for  as  they  are  always  re- 
quired for  cutting  steel,  it  is  necessary  they  should  be  hard* 
Fluted  rimers  may  be  held  inside  of  an  ignited  ring  and  tempered 
to  a  light  straw  color.  Dies  may  be  hardened  in  the  usual  way, 
and  when  brightened  placed  on  a  cold  plate  of  iron,  and  the  plate 
and  the  dies  put  upon  a  large  piece  of  ignited  iron  and  tempered 
to  the  same  color  as  a  tap, — ^a  straw  color.  Chases  may  be  hard- 
ened in  the  usual  way  and  placed  upon  an  ignited  bar,  keeping 
the  threads  some  distance  off  the  bar,  and  tempered  to  a  light  straw 
or  yeUowisb-white.  Drills  mkj  be  hardened  in  the  nsual  waj, 
and  the  cutting  part  of  the  drill  tempered  to  a  straw  color,  while 
the  rest  is  not  higher  than  blue,  so  that  its  liability  to  break  when 
in  use  is  greatly  diminished.  Chisels-  may  be  hardened  in  the 
usual  way,*and  tempered  to  a  violet  color ;  but  if  intended  for  cut* 
ting  stone,  a  purple  is  required.  Drifts  may  be  hardened  in  the 
usual  way,  and  tempered  to  a  brown  color.  Milling  cutters  may 
be  hardened  in  the  usual  way,  and  tempered  to  a  yellowish-white. 
Saws  may  be  hardened  in  the  usual  way,  in  which  state  they  will 
be  brittle  and  warped.  They  may  then  be  put  into  a  proper  Tcssel, 
with  as  much  oil  or  tallow  as  wHl  cover  them,  and  placed  over  a 
fire  and  boiled  to  a  spring  temper ;  or  they  may  be  smeared  with 
tallow  and  heated  till  thick  vapors  arise  and  bum  off  with  a  blaz^ 
They  must  then  be  hammered  flat,  and  afterwards  blued.  But  if 
they  are  intended  for  cutting  hard  substances,  such  as  steel,  or  iron, 
they  must  be  tempered  to  a  straw  color. 

A  very  convenient  way  of  tempering,  when  there  is  a  large 
quantity  of  articles  to  do,  is  to  place  them  in  a  vessel  with  as  much 
tallow  or  oil  as  will  cover  them,  and  place  them  over  a  slow  fire 
till  a  sufficient  heat  is  given  for  the  temper  required,  When  the 
oil  or  tallow  is  first  observed  to  smoke,  it  indicates  the  temper 
called  straw  color.  And  when  the  smoke  becomes  more  abundant^ 
and  of  a  darker  color,  this  indicates  a  temper  equal  to  a  brown* 
Aftier  which  it  will  yield  a  black  smoke,  and  still  more  abundant: 
this  indicates  a  purple.  After  which  it  will  take  fire  if  a  piece  of 
lighted  paper  be  presented  to  it,  but  not  so  hot  as  to  bum  when 
the  light  is  withdrawn :  and  this  is  equal  to  a  blue  temper.  The 
next  degree  of  heat  will  be  that  which  is  mostly  used  for  springs, 
when  &  white  flame  will  be  seen  to  bum  on  the  articles  if  they 
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are  lifted  out  at  this  heat ;  after  wUcIi  the  oil  boma  away.  To 
add  further  oil  is  useless.  Any  single  article  may  be  smeared  with 
tallow  and  held  oyer  a  fire,  or  in  a  gas  flame,  and  its  temper  known 
in  a  similar  manner.  In  hardening  springs,  if  they  are  very  slight, 
oil  is  the  best  to  harden  them  in,  as  they  are  not  so  likely  to  draw 
oat  of  the  proper  shape.  But  if  they  are  stout  springs,  water  is 
best :  for  in  hardening  a  stout  spring  in  oil  the  hardness  is  confined 
to  the  sur&ce.  For  if  the  ^rings  are  properly  hardened,  and  the 
steel  good,  and  boiled  in  oil  to  the  temper  I  have  stated,  there  iii 
no  failing  in  them.  Solid  tallow  is  better  than  oil  for  hardening 
steel  which  requires  considerable  hardness^  but  must  not  be  made 
brittle.  Tallow  differs  from  oil  in  the  absorption  of  heat  for  its 
fusion;  for  steel  that  is  hardened  in  oil  has  always  a  covering  of 
coal  round  it  w^hich  greatly  retards  the  transmission  of  heat 
Water  holding  soap  in  solution  produces  a  similar  effect.  Any 
large  piece  of  steel  may  be  made  sufficiently  hard  to  wear  well  in 
machinery,  without  making  it  brittle,  by  hardening  it  in  a  body  of 
solid  tallow.  There  is  a  number  of  young  mechanics  that  are  qtdte 
ignorant  as  to  the  nature  of  boiling  oil,  or  tallow,  and  are.  anxious 
to  try  the  experiment  of  tempering  springs  in  boiling  oiL  To 
those  we  wish  to  say  a  few  words.  I  was  once  asked  by  a  young 
nian  the  way  to  harden  and  temper  springs :  and  I  informed  him 
to  harden  them  firsts  and  if  he  had  a  quantity  to  do  to  temper  them 
in  boiling  oil, — ^neyer  thinking  that  he  would  attempt  to  do  them 
on  the  fire  in  the  house, — ^and  the  result  was  that  he  nearly  set  the 
house  on  fire.  So  I  have  just  mentioned  this  circuiistance  merely 
as  a  warning  to  the  inconsiderate,  that  they  may  not  faU  into  the 
same  error,  and  not  to  boil  oil  unless  they  have  a  place  suitable 
foriti 


EXPANSION  OF  STEEL. 

It  is  a  well-known  &ct  among  those  who  are  in  the  habit  of 
hardening,  that  the  hardening  of  steel  increases  its  dimensions. 
But  there  may  be  some  that  have  had  very  little  to  do  with  it  that 
may  yet  be  ignorant  of  it^ — ^therefore  it  may  be  useful  to  acquaint 
those  with  it  But  the  amount  of  this  expansion  cannot  be  ex* 
acdy  stated,  as  it  varies  in  different  kinds  of  steel,  and  even  in  the 
same  steel  operated  upon  at  different  heats.  But  this  expansion 
can  be  prevented. in  a  great  measure  by  annealing  the  steel  about 
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three  times  before  the  artiole  is  completely  finislied.  For  instance, 
when  the  first  skin  is  taken  from  the  steel,  it  should  be  annealed 
again,  and  then  another  cut  taken  from  it  and  annealed  again,  and 
BO  on  for  the  third  time ;  and  I  have  found  that  articles  treated 
this  way  will  always  keep  their  size  better  in  hardening  than  if 
|;he  steel  were  only  annealed  once.  But  this  may  appear  to  some 
to  be  a  deal  of  trouble;  but  they  will  find  there  jis  a  saving  in  the 
end,  as  hardened  steel  is  very  difficult  to  work,  and  the  working 
of  hardened  steel  is  very  difficult,  unknown  to  a  great  number  of 
people,  and  many  that  know  how  to  work  on  it  have  not  things 
convenient  for  it,  such  as  buf^  laps,  or  stones.  Therefore,  to  keep 
the  article  as  near  the  proper  size  as.  possible  is  a  matter  of  im- 
portance. I  have  had  articles  that  have  only  been  annealed  once 
that  have  taken  many  hours  to  lap  to  the  proper  size  after  harden- 
ing; and  I  have  had  articles  of  the  same  kind,  and  firom  the.  same 
steel,  and  hardened  at  the  same  heat,  that  have  been  annealed  three 
times,  that  have  scarcely  required  to  be  touched  after  they  had 
been  hardened. 

ANNEALING  OF  STEEL. 

In  annealing  of  steel,  the  same  care  is  required  in  the  heating 
of  it  as  there  is  in  heating  of  it  for  hardening,  as  over-heating  the 
steel  is  as  injurious  in  one  case  as  in  the  other.  And  in  the  pro- 
cess of  annealing,  some  artists  diffi^r  very  much,  some  approving 
of  h^&ting  the  steel  and  burying  it  in  lime,  some  of  heating  it  and 
burying  it  in  cast-iron  borings.  Others  approve  of  heating  it  and 
burying  it  in  saw-dust  But  a  far  better  plan  is  to  put  the  steel, 
into  a  box  made  for  the  purpose  and  fill  it  with  dust-charcoal,  and 
plug  the  ends  up  so  that  the  air  is  kept  from  the  steel — then  to  put 
the  box  and  its  contents  into  the  fire  till  it  is  heated  thoroughly 
through,  and  the  steel  a  low  red  heat.  It  must  be  then  taken  from 
the  fire,  and  allowed  to  remain  in  the  box,  without  opening  the  box 
till  the  steel  is  cold.  And  when  taken  out  the  steel  will  be  nice 
and  clean,  and  very  aoft,  and  without  those  bright  spots  which  some 
mechanics  call  pins,  and  which  are  no  small  impediments  to  the 
filing  and  working  of  steel :  and,  if  any  difference,  the  steel  is  im- 
proved by  the  process.  A  piece  of  stout  gas-pipe,  with  a  bottom 
welded  in  and  a  plug  made  for  the  other  end,  makes  a  very  good 
box  for  a  small  quantity  of  steel ;  but,  for  a  large  quantity,  the  box 
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must  be  in  proportion  to  the  quantity  of  steel.  lif  the  steel  isrery 
large,  it  is  as  well  to  make  a  charcoal  fire  to  heat  it  in,  and  then 
let  the  steel  and  the  fire  get  cold  together  before  it  is  taken  out, 
and  it  wUl  be  equally  soft.  But  it  sometimes  happens  that  a  piece 
of  steel  is  wanted  in  a  hurry,  and  the  steel,  perhaps,  too  hard  to 
work  on, — ^and  cannot  wait  for  its  being  softened  in  a  box.  In 
such  cases  the  qteel  may  be  heated  in  an  open  fire,  and  buried  in 
charcoal -dust  till  it  is  cold ;  or,  if  it  be  heated  to  a  red  heat, 
sufficient  to  be  seen  in  a  dark  place,  and  then  plunged  into  cold 
water,  it  will  work  more  pleasantly,^— but  not  so  soft  as  if  it  were 
•heated  in  a  box  with  charcoal.  There  are  many  that  do  not  know 
the  value  of  a  good  tobl,  because  the  steel  they  work  on  has  never 
been  properly  annealed ;  and  before  the  tool  has  half  done  its  duty 
it  is  worn  out,  or  wants  repairing.  Whereas,  if  the  steel  had  been 
properly  annealed,  that  same  tool  might  have  lasted  ten  times  as 
long  without  repairing. 

CASB-HABDENINO  OF  IROIH. 

Case-hardening  is  an  operation  much  practised,  and  of  considera- 
ble use,  and  in  this  art  there  are  many  difierent  opinions.  ,  The 
prussiate  of  potash  hardens  iron  nearly  as  hard  as  steel  by  simply 
heating  the  iron  to  a  red  heat,  and  putting  the 'potash  on  it  and 
plunging  it  in  cold  water ;  but  this  hardnesa  is  confined  to  the 
8ar£EU30.  But  the  greatest  effect  may  be  produced  by  an  air-tight 
box  and  animal  carbon  alone, — such  as  horns,  hoo&,  or  leather, 
just  sufficiently  burnt  to  admit  of  being  reduced  to  powder,  in  or* 
der  that  more  may  be  got  into  the  box  with  the  article&  Or  bones 
reduced  to  dust  answer  the  same  purpose.  The  articles  intended 
to  be  case-hardened  are  put  into  the  box  with  animal  carbon,  and 
the  box  made  air-tight  by  luting  it  with  clay.  They  are  then 
placed  in  the  fire  and  kept  at  a  light-red  heat  for  any  length  of 
time  according  to  the  depth  required.  In  half  an  hour  after  the 
box  and  its  contents  are  thoroughly  heated  through,  it  will  scarcely 
be  the  thickness  of  a  sixpence, — ^in  an  hour,  double,  and  so  forth, 
till  the  desired  depth  is  acquired.  The  box  is  then  taken  from  the 
fire  and  the  contents  emptied  into  pure  cold  water.  They  can  then 
be  taken  out  of  the  water  and  dried,  to  keep  them  from  rusting, 
by  riddling  them  in  a  sieve  with  some  dry  saw-dust,  and  they  are 
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then  ready  for  polisling.  Case-hardening  is  a  superficial  conver- 
sion of  iron  into  steeL  But  it  is  not  always  merely  for  economy 
that  iron  is  case-hardened,  but  for  a  multitude  of  things  it  is 
pre&rable  to  steel  and  answers  the  purpose  better.  Delicate  ar- 
ticles, to  keep  them  from  blistering  while  heating,  may  be  dipped 
in  a  solution  of  salt,  and  while  wet  also  dipped  into  a  powder  of 
burnt  leather,  or  bones,  or  other  coaly  animal  mat|;pr. 

ON  THE  SHBIKKING  OF  8TESL. 

As  a  slight  mistake  at  times  is  the  common  lot  of  all,  a  few* 
words  will  not  be  out  of  place  upon  the  shrinking  of  such  pieces 
of  work  that  the  mechanic  may  have  had  the  misfortune  of  boring 
too  large,  and  which  would  be  useless  but  for  the  use  of  shrinking 
it  smaller.  Shrinking  is  simply  heating  the  steel  and  plunging  it 
in  cold  water;  but  should  it  not  prove  small  enough  the  first  time, 
the  operation  must  be  repeated — and  if  insufficient  the  second  time 
it  must  be  operated  upon  the  third  time,  which  generally  effects 
the  purpose.  But  after  the  third  time  I  have  generally  found  the 
hole  to  cast  either  oval  or  bell-mouthed.  But  after  shrinking  it 
the  third  time,  and  the  article  still  remaining  a  waster,  there  is 
another  source  open,  which  is  simply  to  heat  it  again  and  dip  it  in 
the  water  half-way,  leaving  one-half  of  it  above  the  water ;  and 
then  to  heat  it  again,  and  dip  in  the  reverse  way  half-way  in  the 
water.  This  will  often  accomplish  what  other  sources  have  failed 
to  do.  Small  holes  will  shrink  rather  more  if  the  hole  be  filled 
with  loam.  Shrinking  and  expansion  of  steel  vary  so  much»  that 
I  have,  at  a  red  heat,  shrunk  the  hole  in  a  steel  ring  considerably ; 
and  at  a  whitish  heat,  on  the  same  steel,  the  hole  has  been  con* 
siderably  larger.  Iron  rings,  or  colla;)^  may  be  shrunk  aft^r  the 
same  manner  as  steel,  by  simply  heating  and  cooling  in  water. 

Much  might  be  said  upon  the  various  kinds  of  tools  used  in  the 
turnery,  .but  being  such  a  variety  of  them,  differing  in  form  and 
size,  according  to  the  necessities,  it  would  take  a  whole  volume  to 
do  them  justice.  Some  turners  are  apt  to  think  the  tools  of  their 
own  invention  best  of  any,  and  their  attachment  to  them,  not  to 
say  bigotry,  is  often  accompanied  with  a  silly  attempt  to  conceal 
from  their  fellow- workmen  the  benefits  of  their  amazing  dis* 
ooveries  as  to  the  best  shape  of  a  tooL    But  having  had  good 
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experience  in  tools^  and  their  different  shapes,  I  give  it  as  my 
opinion  that  the  best  shape  of  a  tool  is  a  tool  that  answers  the  pur- 
pose, does  the  work  well,  wherewith  least  steel  is  cut  to  waste  in 
the  dressing  of  it»  least  time  required  in  the  grinding  of  it,  and 
whose  wear  is  longest  without  repairing. 

■  • 

CONCLUSION. 

Before  I  close  these  details,  I  wish  to  offer  a  few  sentiments  to 
the  consideranon  of  the  young  artist  interested  in  them,  whether 
he  is  one  who  is  anxious  to  excel  in  this  particular  branch  of  art, 
as  affording  the  mefuis  of  honorable  livelihood,  or  claims  merely 
the  appellation  of  .an  amateur,  who  studies  mechanical  operations 
from  the  love  of  knowledge,  the  desire  of  amusement,  or  the  hope 
of  celebrity  in  makitig  discoveries  or  improvements.  Let  him  not 
be  discouraged  by  the  failure  of  first  attempts.  Instead  pf  losing 
his  time  in  uselessly  regretting  his  disappointment^  let  him  ex* 
lunine  into  the  cause  of  it,  and  promptly  repeat  his  experiments 
with  more  precaution.  It  is  a  mistaken  idea  that  success  is  abso- 
lutely  dependent  upon  length  of  practice.  Uncommon  are  the 
cases  in  which  it  fails  to  be  the  early  reward  of  those  who  perse- 
vere. The  reward  will  always  be  in  proportion  to  the  amount  of 
perseverance  and  ingenuity  displayed.  There  are  always  diffi- 
culties to  contend  with  for  the  young  beginner.  But  in  every 
branch  of  art,  if  one  source  of  experiment  Ml,  there  is  abundance 
of  other  sources  still  open.  Further  practical  directions  might 
easily  be  multiplied^  but  the  necessity  for  much  further  minuteness 
of  detail  will  be  removed  by  a  little  observation,  experience,  and 
perseverance.  But  those  who  postpone  perseverance,  by  satisfying 
themselves  with  the  hope  that  length  of  practice  will  perfect  them, 
will  in  the  end  regret  their  delusion,  and  may  ineffeotually  try  to 
recover  their  loss,  when  habitual  languor,  and  other  injurious 
habits,  have  rendered  the  mind  averse  to  observe,  and  the  hand 
unable  to  perform,     t 
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THE  ANALYSIS  OF  IRON  AND  IRON  ORES. 


INTRODTJCTIOK 

A  FEW  general  remarks  on  the  examination  of  minerals  may  not 
be  unacceptable  to  some  of  our  readers,  wherefore  we  offer  them  in 
the  form  of  an  introduction. 

We  shall  take  it  for  granted  that  our  readers  are  acquainted  with 
elementary  chemistry,  and  also  that  they  have  some  notion  of  ana- 
lytical chemistry ;  and  we  shall,  on  this  account,  be  very  brief  as 
regards  details,  and  refer  those  who  may  require  instruction  in 
manipulation  to  the  excellent  works  of  Dr.  Faraday  and  Oreville 
Williams,  Esq. 

It  may  be  well  here  to  observe  that  our  object  in  the  following 
pages  is  not  by  any  means  to  attempt  to  uphold  new  or  unestab- 
lished  theories,  but  rather  to  afford  such  information  as  may  be 
practically  useftd;  wherefore  we  shall  only  make  use  of  such  hypo- 
theses as  long  experience  has  proved  m9st  convenient  for  the  ex- 
planation of  those  varied  reactions  upon  which  the  phenomena  of 
inorganic  chemistry  depend. 

As  the  minerals  upon  which  we  shall  have  to  operate  generally 
occur  in  masses,  and  never  in  a  powder  sufficiently  fine  to  require 
no  fiirther  pulverization,  we  may  give  as  the  first  step  in  the  actual 
analysis  of  any  ore,  that  it  is  to  be  finely  pulverized,  in  order  that  it 
may  be  readily  acted  upon  by  those  re-agents  with  which  we  pur- 
pose to  treat  it.    To  effect  this  pulverization  a  pestle  and  mortar 

will  be  requisite,  consisting  of  Wedgwood  ware,  porcelain,  steel,  or 
368 
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agate,  according  to  the  hardness  of  the  mineral  which  is  being  ex* 
amined. 

We  may  divide  the  examination  of  metallic  ores  under  two  heads : 
they  consist  of  complete  analysis,  or  the  determination  of  all  or 
most  of  the  constituents  of  the  ore  examined,  under  the  first  class; 
and  the  second  class  of  analyses  consists  in  the  determination  of 
one  element  only. 

The  examinations  included  in  the  second  class  are  conducted  by 
two  methods,  the  dry  way  and  the  wet  way;  if  the  former  method 
be  adopted,  the  reactions  are  produced  between  the  mineral  treated 
and  the  re-agents  used,  by  the  assistance  of  a  high  temperature,  no 
solvent  being  employed  in  the  process  except  such  as  act  as  sol- 
T'ents  when  fused;  this  method,  however,  we  do  not  purpose  con» 
fiidering  in  the  present  work.  In  the  employment  of  the  second 
method  the  elements  are  caused  to  act  upon  each  other  by  being 
in  solution,  though  in  some  stages  of  these  operations  heat  has  to 
he  resorted  to,  without  using  at  the  same  time  any  solvent. 

We  can  only  conclude  that  the  advantage  gained  in  using  sol* 
Tents  at  a  given  temperature,  when  elements  are  required  to  act 
upon  each  other,  is  due  to  the  finely  divided  state  in  which  the 
bodies^are  brought  into  contact  with  each  other,  for  we  find  that 
some  substances,  which  will  not  act  upon  each  other  when  solid, 
will  do  so  slowly  and  at  ordinary  temperatures  when  finely  pow- 
dered, and  far  more  rapidly  when  they  are  dissolved.  Let  us  now 
consider  the  solvents  which  we  may  be  likely  to  require  in  our 
various  operations  hereafter  to  be  described. 

Water  is  doubtless  the  most  important  of  all  solvents,  for  with- 
out it  we  should  have  but  few  others;  thus  sulphuric  acid,  hydro- 
chloric add,  nitric  acid,  and  ammonia  are,  for  instance,  but  solu- 
tions of  those  substances  of  which  they  bear  the  names. 

There  are  but  few  minerals  which  can  be  advantageously  treated 
by  pure  water  as  a  solvent,  though  they  may  mostly  be  decom- 
posed by  hydrochloric  acid,  or  by  a  mixture  of  hydrochloric  uid 
nitric  acids,  which  is  called  aqua  regia.  Hence  we'  see  that 
although  some  substances  may  not  be  dissolved  in  water,  they  may 
be  dissolved  when  that  solvent  also  contains  some  other  body,  such 
as  hydrochloric  acid  gas,  &c.,  &c. ;  though  it  is  true  that  it  very  fre- 
quently happens  that  the  body  to  be  dissolved  first  combines  with 
the  body  already  dissolved  in  the  water;  or  at  aU  events,  if  the 
24 
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solution  be  evaporated  to  dryness,  the  two  bodies  will  be  found  in 
combination  with  each  other. 

The  most  usual  solvent  employed  in  the  examination  of  metallic 
ores  is  hydrochloric  acid^  assisted  in  many  cases  by  the  powerftd 
oxidizing  agent,  nitric  acid;  for  we  may  here  observe,  that  until  a 
body  is  reduced  to  the  condition  of  an  oxide,  it  cannot  be  acted 
upon  by  acids,  as  in  all  cases  oxygen  is  concerned  in  the  reaction. 

There  are  other  bodies  besides  acids  which  assist  in  the  solution 
of  various  substances.  Thus,  although  oxide  of  copper  cannot  be 
dissolved  in  pure  water,  it  dissolves  readily  in  ammonia,  which  is 
an  aqueous  solution  of  ammoniacal  gas,  • 

Again,  alumina  wUl  not  dissolve  in  pure  water;  but  it  may 
readily  be  dissolved  in  a  solution  of  caustic  pot&ssa. 

We  have  now  given  examples  of  the  solution  of  substances  in 
acids  and  alkalies,  but  salts  are  also  useful  in  some  cases.  Thus 
protoxide  of  manganese  may  be  retained  in  solution  by  chloride 
of  ammonium. 

When  an  oxyacid  acts  upon  a  base  an  action  is  produced  which 
may  be  illustrated  by  the  following  example :  K  oxide  of  iron  be* 
operated  upon  by  sulphuric  acid,  which  contains  one  atom  of  sul- 
phur and  three  atoms  of  oxygen, 'sulphate  of  oxide  of  iron'is  pro- 
duced by  the  combination  of  the  two;  but  if  it  be  acted  upon  by 
hydrochloric  acid,  which  consists  of  one  atom  of  hydrogen  and  one 
of  chlorine,  chloride  oi  iron  is  formed  by  the  union  of  metallic  iron 
with  chlorine,  whilst  the  hydrogen  of  the  acid  combines  with  the 
oxygen  of  the  oxide  to  form  water;  thus  the  effect  of  a  hydracid 
is  very  different  from  that  of  an  oxyacid. 

We  may  therefore  say  that  oxyacids  combine  with  oxides  to 
form  one  compound;  whereas,  when  an  hydracid  acts  upon  an 
oxide,  the  radical  of  the  acid  combines  with  the  metallic  base  of 
the  oxide  to  form  a  haloid  salt.  ^ 

We  will  next  mention  the  recovery  of  a  solid  body  from  a  solu 
tion. 

This  may  be  performed  in  a  variety  of  ways.    Thus  we  may  re 
cover  substances  from  a  solution  by  evaporating  it  to  dryness,  also 
by  withdrawing  or  expelling  the  substance  by  which  it  was  re 
tained  in  solution;  or  finally,  by  combining  the  body  to  be  recov 
ered  with  some  element  which  forms  with  it  an  insoluble  compound. 

If  we  have  oxide  of  copper  dissolved  in  ammonia,  we  may  re- 
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coTer  it  by  combining  the  ammonia  with  an  aoid,  when  it  wiU  be 
neutralized,  and  the  oxide  of  copper  will  be  found  at  the  bottom 
of  the  vessel 

Water  containing  firee  carbonic  acid  will  dissolve  a  portion  of 
carbonate  of  lime;  but  the  free  acid  can  be  expelled  by  boiling,  or 
l^y  filtration  through  some  substance,  when  the  carbonate  of  lime 
i¥ill  be  precipitated  to  the  bottom  of  the  solution. 

Let  us  take  some  examples  of  the  third  method  of  recovering 
substances  from  solution. 

Acetate  of  lead  is  soluble  in  water  containing  a  slight  quantity 
of  free  acetic  acid;  flalphuric  acid  is  soluble  in  water.  If  sulphuric 
acid  be  allowed  to  operate  upon  acetate  of  lead,  the  acetic  acid  is 
displaced  and  sulphate  of  lead  is  formed;  sulphate  of  lead  is,  how- 
ever, insoluble  in  the  water  and  acetic  acid;  i£,  therefore,  sulphuric 
acid  is  added  to  a  solution  of  acetate  of  lead,  sulphate  of  lead  will 
be  precipitated  to  the  bottom  of  the  solution,  from  which  the  lead 
itself  may  be  recovered  if  necessary. 

This  result  will  also  be  obtained,  if  a  soluble  sulphate  be  added 
to  a  solution  of  acetate  of  lead,  and  we  find,  as  a  general  rule,  that 
whenever  two  elements  capable  of  forming  an  insoluble  compound 
are  brought  together  in  a  solution,  that  compound  informed  and  is 
found  at  the  bottom  of.  the  vessel.  • 

It  has  been  proposed,  as  a  solution  of  the  question  which  natu- 
rally arises  when  we  see  a  compound  formed  by  elements  arranging 
themselves  in  a  way  which  appears  contrary  to  their  strongest 
affinities  to  form  an  insoluble  compound,  that  the  bodies  dissolved 
are  in  motion,  constantly  interchanging  their  elementary  molecules, 
in  proportions  dependent  upon  the  relative  affinities  of  the  various 
elements  for  each  other ;  during  which  reaction  the  insoluble  com- 
pounds would  precipitate  whenever  they  were  formed,  thus  putting 
the  elements  contained  in  them  out  of  the  reach  of  ftirther  inter- 
change. But  we  must  not  occupy  our  space  with  speculations  of 
this  nature,  although  their  scientific  interest  is  unlimited,  and  they 
may  result  in  discoveries  practically  useful ;  for  it  is  sufficient,  for 
our  present  purpose  to  know  that  whenever  the  elements  of  an  * 
insoluble  compound  are  in  solution  together,  that  compound  will 
be  formed  and  precipitated. 

We  will  now  examine  the  means  at  hand  by  which  we  may 
separate  the  various  constituents  of  compounds  which  we  are  de 
sirous  of  analyzing. 
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Let  US  suppose;  in  the  first  instance^  that  we  have  a  solid  sub- 
stance, and  that  we  reduce  it- to  a  powder,  and  act  upon  it  with  a 
solvent ;  say,  for  instance,  that  the  solid  substance  contains  silica^ 
iron,  manganese,  alumina,  &c.,  with  crystalline  carbon.  Let  us 
heat  this  substance  in  hydrochloric  acid,  then  we  may  dissolye 
every  thing  except  the  carbon ;  well,  if  this  is  the  case,  the  carbon 
4s  evidently  separated  i^m  the  other  constituents  of  the  body 
undergoing  examination.  But  we  must  clear  the  solution  pf  the 
insoluble  residue.  This.is  effected  by  filtering  it  through  unsized 
paper;  the  crystallized  carbon,  known  as  graphite,  will  remain 
upon  the  filter,  where  it  may  be  washed  by  pouring  distilled  water 
upon  it,  in  order  to  free  it  from  all  traces  of  the  substances  in 
solution  in  the  liquid. 

We  may  then  evaporate  the  solution  to  dryness,  and  again  act 
upon  it  with  the  same  solvent,  when  we  shall  find  that  there  will 
again  be  an  insoluble  residue ;  but  this  time  it  will  be  silica»  which 
may  be  collected  on  a  filter  as  the  carbon  was  before. 

We  shall  now  have  a  number  of  substances  dissolved  in  the 
filtrate  which  cannot  be  extracted  in  a  similar  manner ;  for  if  these 
be  recovered  by  evaporation  to  dryness,  we  shall  find  that  dilute 
hydrochloric  acid  will  dissolve  the  whole,  leaving  no  residue  be- 
hind. We  must,  therefore,  look  about  for  some  other  method  of 
separating  the  bodies  in  solution. 

If  we  now  cause  the  iron  in  solution  to  take  up  as  much  oxygen 
as  it  will  combine  with,  and  then  nearly  neutralize  the  free  acid  in 
solution  by  the  addition  of  carbonate  of  ammonia,  after  which  we 
add  ammonia  and  acetate  of  ammonia,  and  boil  the  liquid,  the  iron 
will  be  precipitated,  in  combioation  with  acetic  acid ;  this  may  be 
removed  by  filtration,  and  after  some  time  the  manganese  will  also 
be  precipitated. 

Thus  we  succeed  in  isolating  each  constituent  of  the  mineral, 
and  this  constitutes  analysis.  Although  we  purpose  to  treat  of 
quantitative  analysis  only  in  the  subsequent  sections  of  this  work, 
we  will  nevertheless  make  a  few  remarks  here  upon  the  means  of 
determining  the  presence  or  absence  of  certain  substances  in  a 
solution.  If  to  a  solution  of  iron  we 'add  ferrocyanide  of  potas- 
sium, the  precipitate  which  forms  has  a  blue  color ;  hence^  if  a 
solution  on  the  addition  of  that  re-agent  exhibits  a  blue  precipitate, 
iron  is  present    But  the  iron  may  exist  as  a  persalt  or  as  a  pro- 
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toB&lt ;  tliat  18  to  say,  the  salt  may  correspond  to  sesquioxide  ot  to 
protoxide  of  iron. 

Let  ferrocjanide  of  potassium  in  solution  be  added  to  the  solu- 
tion of  iron,  then,  if  a  protosalt  be  present  the  blue  color  will 
appear,  but  not  otherwise. 

If  a  solution  be  freed  from  iron  and  contain  copper,  then,  on 
the  addition  of  ferrooyanide  of  potassium,  a  brown  precipitate  will 
be  formed.  Also,  if  the  solution  be  neutralized  with 'ammonia; 
and  an  excess  of  that  re-agent  be  added,  a  blue  solution  will  be 
formed. 

If  bright  iron  or  zinc  be  placed  in  an  acid  solution  of  copper, 
lihe  copper  will  be  deposited  in  the  metallic  form. 

If  oxalic  acid  or  oxalate  of  ammonia  be  added  to  a  solution  of 
lime,  a  white  precipitate  of  oxalate  of  lime  will  be  formed  and 
deposited. 

It  is  needless  to  multiplj  examples,  but  we  see  that  bodies  in 
solution  may  be  tecognized  by  the  color  of  the  solution,  or  by  that 
of  the  precipitate  formed  on  the  addition  of  certain  re-agent& 

In  a  systematic  course  of  qualitative  analysis,  tho  experiments 
must  be  conducted  in  such  a  manner  as  will  allow  of  the  detection 
of  each  substance  in  turn. 

The  elements  also  give  peculiar  tints  to  flame  in  which  they  are 
volatilized,  and  each  may  be  identified,  even  when  tliey  are  all 
mixed,  if  the  flame  be  examined  by  peans  of  a  prism ;  for,  in  that 
case,  various  colored  lines  will  appear  corresponding  to  the  elements 
present  in  the  flame. 

The  quantity  of  some  elements  in  solution  may  be  determined 
without  separating  such  element  from  its  solution ;  but  before  con- 
sidering this  matter  we  must  examine  some  other  points  of  import- 
ance. 

It  not  unfirequently  occurs  that  the  state  of  the  substance  in 
solution  requires  to  be  altered,  oxidized  or  deoxidized,  as  the  case 
may  be;  although  it  must  not  be  concluded  that  in  every  case  the 
amount  of  oxygen  is  actually  altered,  for. we  use  oxidizing  agents 
to  convert  protochloride  of  iron  into  perchloride ;  but  we  might  in 
this  case  call  the  re-agent  a  chlorinizing  agent,  as  those  we  employ 
sometimes  generate  chlorine. 

Thus,  if  we  oxidize  by  passing  through  the  solution  a  current 
of  chlorine,  or  by  the  addition  of  chlorate  of  potash  and  hydro- 
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cUaric  acid,  whicli  will,  when  lieat  is  applied,  liberate  obloriii^ 
we  may  say  that  the  chlorine  decomposes  the  water,  releasing 
oxygen  to  form  peroxide  of  iron,  which  is  again  decomposed  by 
the  hydrochloric  acid  formed  by  the  union  of  the  chlorine  with 
the  hydrogen  of  the  water,  perchloride  of  iron  being  ultimately 
formed ;  or  we  may  say  that  the  iron  combines  with  the  free,  and, 
in  some  cases,  nascent  chlorine,  supplied  to  the  solution. 

Nitric  acid  is  perhaps  most  frequently  applied  as  an  oxidizing 
agent,  but  sulphuric  acid,  bichromate  of  potassa,  chromic  acid,  per- 
manganate of  potassa,  &C.,  &c.,  are  also  applicable. 

Sulphurous  acid  may  conveniently  be  used  for  the  deoxidation 
of  substances  in  solution,  also  sulphite  of  soda.  All  bodies  that 
absorb  oxygen  are  deoridizers :  as  phospborus,  potassium,  proto- 
sulphate  of  iron,  &c. 

We  have  already  stated  that  some  substances  may  be  deter* 
mined  as  to  quantity  without  removing  them  from  their  solutions ; 
we  may  take  as  a  fair  example  of  this  method,  that  which  is  fre* 
quently  used  for  the  estimation  of  protoxide  of  iron. 

If  permanganate  of  potassa  be  added  to  a  solution  of  protoxide 
of  iron,  the  former  is  decomposed  and  the  latter  is  converted  into 
peroxide ;  the  solution  of  permanganate .  of  potassa  is  of  a  rose 
tint,  which  disappears  when  the  salt  is  decomposed.  Let  a  quan* 
tity  of  permacnganate  of  potassa  be  dissolved  and  placed  in  a  bur* 
ette  graduated  into  one  hun^dred  parts ;  let  also  a  few  grains  of 
iron  be  dissolved  in  hydrochloric  acid,  and  the  permanganate  of 
potassa  be  added  to  it,  until  the  tint  ceases  to  be  destroyed ;  then 
examine  the  burette  to  determine  the  number  of  divisions  which 
correspond  to  one  grain  of  iron,  when  the  solution  will  be  ready 
for  use  as  follows : 

Add  to  the  solution  containing  protoxide  of  iron  the  perman- 
ganate of  potassa,  imtil  the  rose  tint  appears ;  then  read  off  the 
number  of  divisions  of  the  burette  required,  and  by  the  data 
obtai^ed  from  the  foregoing  experiment,  calculate  the  amount-  of 
iron  present  in  the  solution.    This  is  Margueritte's  method. 

The  quantity  of  a  substance  may  alsK>  be  determined  by  the 

quantity  of  a  re-agent  required  to  precipitate  it. 

^     In  some  cases  it  is  directed  to  prepare  the  normal  solution  for 

volumetrical  determinations  jsimilar  to  the  above  by  dissolving  a 

given  weight  of  the  re-agent  used  in  a  certain  volume  of  water. 
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but  we  consider  it  preferable  in  eyeiy  case  to  test  tbe  strength  of 
the  solution  as  above. 

We  must  now  mention  the  manipulations  requisite  when  a  pre- 
cipitate is  to  be  weighed. 

The  precipitate  must  be  collected  on  a  filter  and  washed  until 
the  washings  contain  no  traces  of  the  substances  in  the  filtrate ;  or 
in  other  words  the  precipitate  must  be  washed  until  it  is  perfectly 
dean. 

In  some  cases  the  liquid  maj  be  decanted  off  when  the  precipi- 
tate  has  subsided,  which  may  then  be  washed  by  agitation  with 
water,  and  finally  collected  on  a  filter. 

If  the  precipitate  will  not  bear  a  high  temperature,  it,  together 
with  the  filter  on  which  it  is  collected,  must  be  dried  in  an  air  or 
water-bath  at  212^  until  it  ceases  to  lose  weight ;  the  whole  is 
then  weighed,  and  the  weight  of  the  filter  is  deducted  from  it 

If  the  precipitate  is  to  be  heated  to  redness,  the  heat  must  be 
continued  until  the  filter  is  completely  consumed,  and  this  may  be 
facilitated  by  directing  a  gentle  current  of  oxygen  upon  it.  In 
this  process  the  precipitate  should  first  be  dried,  then  as  much  as 
possible  of  it  should  be  removed  from  the  filter  and  placed  in  the 
crucible  in  which  j;he  ignition  is  to  be  performed ;  the  filter  may 
tibien  be  burned  and  the  cinder  thus  obtained  is  to  be  added  to  the 
precipitate  in  the  crucible.  If  the  filter  leaves  an  ash,  the  weight 
of  this,  determined  by  a  separate  experiment,  must  be  deducted 
from  that  of  the  ignited  precipitate. 

Some  elements  are  estimated  by  loss.  Thus  if  we  expose  per* 
oxide  of  iron  to  heat  in  a  cuirent  of  hydrogen,  the  oxygen  will  be 
withdrawn  and  the  loss  of  weight  of  the  contents  of  the  vessel  in 
which  the  operation  is  pferformed  will  be  equal  to  the  weight  of 
oxygen  originally  existing  in  the  peroxide. 

This  method  may  also  be  used  for  the  estimation  of  iron,  which 
is  calculated  from  the  quantity  of  oxygen  combined  with  it* 

AK^YSIS  OF  IBON  ORES  AND  IBON. 

Before  detailing  the  processes  which  have  been  found  suitable 
for  the  examination  of  various  iron  ores  and  iron,  it  is  desirable 
to  give  some  account  of  those  minerals  from  which  the  iron  usisd^ 
in  commerce  is  most  generally  obtained. 
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Magnetic  Iron  Ore. — The  primitiye  crystalline  form  of  this  sab* 
stanoe  is  the  cube ;  but  it  also  occurs  in  the  form  of  the  octahedron 
and  dodecahedron. 

The  mineral  is  somewhat  brittle,  of  an  iron-black  color,  and 
leaves  a  black  streak. 

The  ore  is  magnetic,  and  has  a  specific  gravity  of  about  6 ;  it 
contains  about  70  per  cent,  of  metallic  iron,  consisting  of  69  pet 
cent,  of  peroxide  of  iron  and  31  per  cent  of  protoxide  of  iron. 

Magnetic  iron  oxide  occurs  in  granite,  gneiss,  mica-slate,  day- 
slate,  syenite,  hornblende,  and  chlorite.  This  ore  also  occura  lit 
great  abundance  in  the  United  States,  in  the  Island  of  Elba»  and 
the  iron-sand  of  New  Plymouth,  in  New  Zealand,  consists  princi- 
pally of  magnetic  oxide  of  iron ;  some  samples  of  it  recendy  ex- 
amined  containing  about  69  per  cent,  of  metallic  iron. 

It  is  from  thi^  ore  also  that  the  celebrated  Danemara  iron  ifi 
prepared. 

Specular  Inm — Bed  Sematite, — This  ore  crystallizes  in  the  fourth 
system,  and  most  gener^ly  appears  as  a  modification  of  the  rhom- 
bohedron. 

The  crystals  are  of  a  dark  steel-gray  color;  opaque  unless  in 
very  thin  lamin»,  in  which  case  they  are  translucent  and  of  a 
blood-red  tinge ;  it  leaves  a  reddish-brown  streak,  and  has  a  specific 
gravity  of  from  4*8  to  6*8. 

Pure  specular  iron  consists  of  peroxide  of  iron,  and  therefore 
contains  70  per  cent,  of  metallic  iron. 

Finely  crystalKzed  specimens  of  this  ore  are  foimd  in  the  Island 
of  Elba;  also  at  St.  Qothard,  Arendal,  Sweden,  Framont,  Dau- 
phine,  and  Switzerland ;  also  in  the  volcanic  districts — as  Strom- 
boll  and  Lipari,  Etna  and  Vesuvius. 

Red  hematite  in  reniform  masses  is  found  in  CJornwall,  Ulver- 
stone,  Saxony,  &o. 

Brown  Inm  Ore. — ^This  ore  is  a  mineral  which  presents  in  mass 
a  brownish-yellow  color ;  but  when  pulverized  it  exhibits  a  yellow 
color.  Its  specific  gravity  is  about  4,  and  when  pure  it  contains 
55  per  t^nt.  of  metallic  iron.  It  usually  occurs  in  the  massive 
form ;  bul  its  structure  varies  according  to  the  locality  from  which 
it  is  obtained. 

This  ore  consists  of  hydrated  peroxide  of  iron,  and  is  chiefly 
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eanfined  to  the  sedimentaty  formation&    This  ore  is  found  in  Nor  . 
mandy,  Berry,  Burgundy,  Lorraine,  &o. 

Inm  Pyrites. — This  substance  is  never  treated  for  the  sake  of  the 
iron  which  it  contains ;  but  it  is  frequently  employed  as  a  source 
of  sulphur.  It  ciystallizes  in  the  cubic  system,  is  of  a  bronze* 
yellow  color,  with  a  metallic  lustie;  it  leaves  a  brownish-black 
streak.  Its  specific  gravity  is  from  4*8  to  5*1 ;  it  is  brittle,  and 
strikes  fire  with  steeL 

This  ore,  when  pure,  contains  two  equivalents  of  sulphur  and 
one  of  iron. 

ChrbKmate  of  Iron  occurs  in  rhombohedrons  and  in  six-sided 
prisms,  similar  to  carbonate  b£  lime,  from  which  the  crystals  differ 
slightly  in  the  value  of  their  angles. 

It  is  commonly  more  massive,  with  a  foliated  and  somewhat 
curved  structure. 

This  mineral  is  of  a  light-gray  color;  but  externally  decom- 
posed, it  becomes  dark-brown,  or  nearly  black.  When  pure,  this 
mineral  consists  of  carbonate  of  pr6toxide  of  iron.  Spathose  iron 
ore  is  found  in  rocks  of  various  ages,  and  is  fi^uently  observed 
to  accompany  other  metallic  ores.  Carbonate  of  iron  is^  however, 
most  plentifuUy  found  in  gneiss,  graywacke,  and  the  coal  formation. 

The  principal  deposits  in  the  United  Kingdom  are  at  Dudley, 
Lanarkshire,  Ayrshire,  and  some  parts  of  Wales. 

Girome  Iron  Ore. — This  mineral  crystallizes  in  the  cubic  system. 
It  cottmionly  occurs  ia  the  massive  form ;  is  of  an  iron-black  or. 
blacldsh-brown  color,  and  when  broken  it  presents  a  dull  uneven 
sur&ce.  It  is  slightly  magnetic ;  has  a  dark-brown  streak,  and  a 
density  varying  from  4*8  to  4*5, 

Chrome  iron  consists  chiefly  of  protoxide  of  iron,  alumina,  and 
sesquioxide  of  chromium.  It  is  ordinarily  found  in  veins  travers* 
ing  serpentine  rock.  It  occurs  ordinarily  in  Styria  and  in  the 
Shetland  Islands. 

Amorphous  chrome  iron  is  obtained  iu  France,  Silesia,  Bohemia^ 
and  Greenland. 

Iron  is  also  a  constituent  of  a  veiy  extensive  variety  of  min* 
erals :  but  we  only  deem  it  necessary  to  mention  such  as  arjs  useftd 
in  metallurgy,  or  are  likely  to  come  into  the  metallurgist's  hands. 
We  have  therefore,  with  the  exception  of  one  or  two  ores,  passed 
in  silence  such  as  are  not  used  in  the  manu&cture  of  iron. 
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We  will  now  pass  on  to  describe  yarious  methods  of  estimating 
iron,  of  separating  it  from  other  bodies,  and  of  performing  analyses 
of  yarious  descriptions  of  iron  ores. 

Ores,  the  constituents  of  which  are  known,  may  tn  many  cases 
require  the  iron  only  to  be  determined.  But  when  such  compo- 
nents as  sulphur  and  phosphorus  occur,  it  is  highly  desirable  to 
detemoine  the  proportion  in  which  they  exist,  as  this  knowledge 
will  enable  us  to  form  an  opinion  as  to  the  quality  of  the  iron 
obtained  from  such  ore.  In  many  cases  it  will  be  desirable  to 
perform  a  complete  analysis  of  the  ores.  Cast-iron  and  steel  are 
analyzed  to  ascertain  the  quantity  of  carbon  and  other  foreign  ele- 
ments contained  in  them,  and  it  is  also  desirable  to  examine  such 
specimens  of  wrought  or  malleable  iron  as  may  exhibit  peculiar 
properties  or  great  strength,  as  thereby  some  yaluabl^  information 
may  be  obtained.   • 

Esiination  of  Iron, — ^In  estimating  iron,  it  is  usual  to  weigh  it  in 
the  state  of  peroxide,  which  contains  70  per  cent  of  metallic  iron. 
When  this  oxide  exists  ready-formed  in  a  liquid,  it  may  most  con- 
veniently be  precipitated  either  by  ammonia  or  by  carbonate  of 
ammonia ;  but  the  oxide  must  be  precipitated  from  a  heated  solu* 
tion,  otherwise  it  will  be  deposited  as  a  gelatinous  mass  which 
cannot  be  easily  purified  by  washing.  If 'iron  exists  in  a  solution, 
the  state  of  protoxide,  it  is  necessary,  previous  to  precipitation,  ta 
convert  it  into  peroxide, — ^which  may  be  effected  by  boiling  with 
nitric  acid  or  chlorate  of  potassa,  or  by  passing  a  current  of  chlorine 
gas  through  it.  In  the  latter  case,  however,,  it  will  be  necessary 
to  remove  the  excess  of  chlorine  by  subsequent  ebullition  of  the 
solution-  The  iron  being  peroxidized,  may  then  be  precipitated 
by  ammonia. 

Chlorate  of  potassa  should  only  be  used  when  the  solution  .con- 
tains hydrochloric  acid.  The  oxidising  effect  is  due  to  the  libera- 
tion of  chlorine. 

There  is  some  danger  of  error  occurring  from  the  use  of  ato- 
monia  to  precipitate  the  iron,  as  a  slight  excess  of  that  re-agent 
will  re-dissolve  a  portion  of  the  precipitate,  thereby  vitiating  the 
results. 

It  is  desirable,  on  this  account,  where  greater  accuracy  is  re- 
quired, to  precipitate  the  iron  in  the  form  of  succinate  or  benzoate. 
and  in  some  cases  as  basic  acetate.    The  salt  thus  obtained  is  de- 
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oompoaed  hj  heating  in  a  platinum  crucible,  and  then  weighed  as 
peroxide.  It  occasionally  happens  that  the  operator  is  obliged  to 
throw  down  the  iron  by  means  of  an  excess  of  caustic  potassa; 
but  when  this^oourse  is  pursued  the  precipitate  contains  traces  of 
potassa^  which  can  only  be  removed  by  long-continued  washing* 
Should  the  amount  of  sesqidoxide  of  iron  be  large,  it  may  most 
readily  be  freed  from  potassa  by  re-dissolvihg  the  precipitate  in 
hydrochloric  acid,  diluted,  and  re-precipitating  it  by  succinate  or 
benzoate  of  ammonia,  after  carefully  neutralizing  the  solution. 

When  the  solution  also  contains  organic  matter,  such  as  sugary 
starch,  or  some  of  the  vegetable  acids,  the  iron  cannot  be  precipi* 
tated  either  by  ammonia  or  its  carbonate,  and  it  must  be  treated 
with  sulphide  of  ammonium,  which  precipitates  the  whole  of  the 
iron  as  sulphide.  To  obtain  the  iron  in  the  state  of  sesquioxide; 
this  precipitate  should  be  thrown  on  a  filter  and  carefully  washed 
with  a  very  dilute  solution  of  sulphide  of  ammonium.  This  last 
is  added  in  order  to  prevent  the  formation  of  sulphate  of  iron; 
which  would  be  dissolved  and  carried  through  the  filter,  thereby 
occasioning  loss. 

When  the  precipitate  has  been  sufficiently  washed,  it  is  digested 
ia  hydrochloric  acid ;  the  solution  is  then  peroxidized  and  precipi- 
tated  by  succinate,  benzoate,  or  acetate  of  ammonia. 

Mtimation  of  Iron  in  Iron  Ores. — We  will,  under  this  heading; 
msert  various  methods  of  estimating  iron  which  have  been  pro* 
posed  as  suitable  for  the  determination  of  iron  existing  in  ores  of 
that  metal. 

FucKs  Jfethod.-r-The  specimen  is  to  be  dissolved  in  strong  and 
pure  hydrochloric  acid,  and  peroxidized,  either  by  adding,  cau« 
tiously,  crystals  of  chlorate  of  potassa,  or  by  passing  a  current  (£ 
chlorine  gas  through  the  solution. 

The  peroxidation  is  ascertained  by  testing  with  ferricyanide  of 
potassium,  which  produces  a  blue  precipitate  with  protoxide  of 
iron,  but  none  with  peroxide. 

The  solution  having  been  peroxidized,  it  is  to  be  boiled  for  a 
few  minutes  in  order  to  expel  any  excess  of  chlorine  which  may 
exist. 

A  weighed  quantity  of  pure  copper  is  then  introduced,  and  the 
boiling  is  then  continued  until  th&  color  of  the  solution  changes 
to  a  pale  yellow-greexu    When  no  further  change  of  color  is  ob- 
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senred  to  take  place,  the  flask  must  be  filled  up  witli  liot  water, 
and  the  copper  removed,  washed  in  Cbld  water,  dried,  and  weighed. 

The  loss  of  weight  indicates  the  amount  of  chlorine  consumed 
to  convert  the  original  protochloride  into  perchlOride  of  iron; 
every  equivalent  of  copper  and  every  equivalent  of  chlorine 
converting  two  equivalents  of  protochloride  of  iron  into  per- 
ohloride. 

It  follows  that  every  equivalent  of  copper  corresponds  to  two 
equivalents  of  perchloride  of  iron  in  solution ;  or,  what  amounts 
to  the  same  thing,  to  two  equivalents  of  peroxide  of  iron  in  the 
Substance  analyzed, — ^which  peroxide  of  iron  contains  70  per  cent, 
of  metallic  iron. 

Taking  the  equivalent  of  copper  at  81*66,  and  that  of  iron  at 
28,  it  follows  that  for  every  100  parts  lost  from  the  weight  of  the 
copper  there  exists  in  the  solution  176'88  parts  of  metsillic  iron. 

This  method  requires  very  great  care  in  order  to  give  results  at 
all  approaching  the  truth,  and  it  isiiotally  inapplicable  when  the 
solution  contains  arsenic. 

Margueritte^a  Method, — This  method  is  based  upon  the  employ- 
ment of  A  standard  test  solution,  and  on  the  reciprocal  action  of  the 
salts  of  protoxide  of  iron  and  permanganate  of  potassa,  whereby 
a  quantity  of  the  latter,  exactly  proportional  to  the  quantity  of 
protoxide  of  iron  present,  is  decomposed. 

The  ore  is  dissolved  in  hydrochloric  acid,  and  the  metal  is 
brought  to  the  minimum  of  oxidation,  which  is  done  by  treating 
the  solution  with' sulphate  of  soda,  and  boiling  to  expel  the  excess 
of  sulphuric  acid.  The  solution  of  permanganate  of  potassa  is  now 
eautiously  added,  until  the  pink  color  of  the  test  solution  appears. 
And  the  number  of  divisions  of  the  burette  required  to  effect  this 
is  accurately  noted. 

The  permanganate  is  decomposed  so  long  as  any  protosalt  of 
iron  exists  in  the  solution ;  but  when  it  has  all  been  converted  into 
a  persalt^  the  permanganate  then  added  remains  undecomposed, 
and  is  detected  by  its  color.  The  solution  must  contain  no  sub- 
stance that  may  decompose  the  permanganate,  therefore  all  the  ex- 
cess of  sulphurous  acid  must  be  carefolly  expelled. 

Copper  and  arsenic  interfere  in  this  manner  with  the  accuracy 
of  the  prooess,  and,  according  to  Dr.  Noad,  were  the  only  metals 
found  to  do  so.  But  a  slight  modification  of  the  process  overcomes 
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these  difficulties,  wliich  are  created  by  tbe  redaction  of  the  com- 
pounds of  those  xnetals  by  the  sulpbite  of  soda. 

The  operation  is  proceeded  with  as  usual,  except  that  after 
having  expelled  the  excess  of  sulphurous  a<jid  by  ebullition,  a 
piece  of  pure  laminated  zinc  is  added,  which,  acting  upon  .the 
hydrochloric  add,  disengages  hydrogen ;  arsenic  abd  copper  are 
reduced  to  the  metallic  state.  When  the  solittion  of  the  zinc  la 
complete,  the  precipitated  particles  of  arsenic  and  copper  are  re- 
moved by  filtration,  and  the  clear  liquor  proceeded  with  as  before. 

To  prepare  the  permanganate  of  potassa,  7  parts  of  chlorate  of 
potassa,  10  parts  of  hydrate  of  potassa,  and  8  parts  of  peroxide  of 
manganese,  are  intimately  mixed ;  the  manganese  should  be  re* 
duced  to  the  finest  possible  powder,  and  the  potassa^  having  been 
dissolved  in  water,  is  mixed  with  the  other  substances,  dried,  and 
the  whole  heated  to  dull  redness  for  an  hour.  The  fused  mass  is 
then  digested  in  as  little  water  as  will  dissolve  the  salt ;  and  to  this 
solution  is  added  nitric  acid,  until  it  assumes  a  rich  violet  tint  It 
is  subsequently  filtered  through  asbestos  (an  organic  filter  would 
decompose  the  permanganate  of  potassa)  in  order  to  separate  the 
peroxide  of  manganese  suspended  in  the  solution.  The  ^lutiou 
must  be  carefully  protected  fi:om  contact  with  organic  matter,  even 
the  small  particles  in  the  atmosphere  afiTecting  it. 

To  convert  the  liquor  into  a  standard  test  solution,  a  given 
quantity,  say  10  graios,  of  pure  iron,  is  dissolved  in  hydrochloric 
add.  When  the  solution  is  complete,  the  liquid  is  diluted  with 
about  half  a  pint  of  cold  water,  and  the  solution  of  the  permanga-. 
nate  of  potassa  is  added  until  the  pink  color'  reappears,  and  the 
number  of  dividons  of  the  burette  requidte  to  produce,  this  ia 
careMly  noted^ — ^&om  which  the  value  of  the  solution  may  be 
readily  calculated. 

Dr.  Penny's  Method. — ^This  method  is  based  upon  a  reciprocal 
action  existing  between  chromic  acid  and  protoxide  of  iron, 
whereby  a  transference  of  oxygen  takes  place,  the  protoxide  of 
iron  becoming  converted  int^  sesquioxide,  and  the  chromic  acid 
into  sesquioxide  of  chromium. 

The  iron  in  clay-band  and  black-band  iron  stone  being  chiefly 
in  the  condition  of  carbonate  of  iron,  is  boilM  in  hydrochloric 
acid,  in  order  to  convert  the  metallic  salt  into  a  protoahloride,  and 
the  standard  solution  of  bichromate  of  potassa  is  then  added,  xmtil 
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the  eolation  is  peroxidized,  whidii  is  ascertained  bj  frequ^tly 
testing  it  with  ferricyanide  of  potassiam.  When  the  blue  precipi- 
tate ifl  no  longer  formed  the  protosalt  is  entirely  converted  into  a 
persalt 

The  test  solution  is  thus  prepared :  44*4  grs.  of  the  salt  in  fine 
powder  are  weighed  out  and  put  into  a  burette,  graduated  into  100 
parts,  and  the  instrument  is  filled  to  0  with  warm  distiQed  water. 

The  burette  is  then  closed  by  the  palm  of  the  hand,  and  its  con- 
tents are  agitated  until  the  salt  is  completely  dissolved  and  the 
solution  rendered  of  uniform  density  throughout.  Each  division 
of  the  solution  thus  prepared  contains  0*444  grs.  of  the  bichromate 
of  potassa^  which  Dr.  Penny  found  to  correspond  to  half  a  grain 
of  metallic  iron. 

The  bichrom&te  must  be  pure,  and  should  be  thoroughly  dried 
by  heating  to  incipient,  fusion. 

EstimaHon  by  means  of  hydrogen, — ^This  method  may  be  employed 
when  all  the  iron  exists  as  sesquioxide,  and  no  other  substance 
capable  of  being  reduced  by  hydrogen  is  pifesent 

The  mineral,  in  a  fine  powder,  is  carefully  ignited  in  the  air, 
and  then  in  hydrogen.  The  hydrogen,  which  should  be  quite 
dry,  abstracts  the  oxygen  from  the  sesquioxide,  and  the  amount 
of  iron  contained  in  the  compound  may  be  calculated  firom  the  loss 
of  weight. 

Sesquioxide  of  iron  contains  80  per  cent,  of  oxygen.  Therefore, 
for  every  100  parts  of  weight  lost  by  ignition  in  hydrogen,  the 
substance  examined  contains  288*88  parts  of  metallic  iron. 

We  will  now  explain  various  methods  of  separating  iron  firom 
other  substances. 

SepanUion  of  Protoxide  of  Iron  from  Peroocide  of  Iron, — Fre- 
semus^B  Method. — On  the  property  possessed  by  salts  of  tiie  pxo- 
toxide  of  iron  to  resist  decomposition  by  boiling  with  an  earthy 
carbonate,  is  based  a  process  for  its  separation  firom  peroxide  of 
iron,  when  the  two  exist  in  solution  together. 

When  boiled  with  carbonate  of  baryta,  the  salt  of  the  peroxide 
only  is  decomposed ;  the  solution,  filtered  from  the  precipitated 
peroxide  and  excess  of  carbonate  of  baryta,  is  boiled  with  nitric 
acid  to  convert  the  protoxide  of  iron  into  peroxide,  which  last  is 
precipitated  by  ammonia  after  the  baryta  has  been  separated  by 
the  addition  of  sulphuric  acid. 
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Rosens  Method. — ^Dissolve  a  weighed  quantity  of  the  mixture  in  hy- 
diochlorio  acid ;  perozidize  the  protoxide  by  boiling  with  nitric  acid. 

Then  precipitate  the  iron  by  ammonia^  dry,  and  weigh.  The 
increase  of  weight  upon  that  of  the  original  mixture  is  caused  by 
the  acquisition  of  oxygen,  which  converts  the  protoxide  into 
peroxide.  During  the  process  of  peroxidation  every  two  equiva- 
lents of  protoxide  combines  with  one  equivalent  of  oxygen ;  hence 
every  100  parts  of  increased  weight  represent  700  parts  of  metallic 
iron  in  the  form  of  protoxide,  or  900  parts  of  the  protoxide. 

As  the  quantity  of  oxygen  taken  up  in  this  process  is  exceed- 
ingly small,  the  experiments  must  be  very  carefully  performed,  the 
error  occurring  in  the  increase  of  weight  being  multiplied  nine 
times  in  the  final  result. 

JRase^s  Method,  2d. — ^The  mixed  oxides  are  converted  into  metal- 
lie  iron,  by  ignition  in  a  current  of  dry  hydrogen,  and  the  water 
&rmed,  als  also  the  quantity  of  iron  reduced,  is  ascertained. 

Wood^s  Analysis, — The  quantity  of  peroxide  of  iron  in  a  solu- 
tion of  protoxide  and  peroxide  in  hydrochloric  acid  may  be  deter- 
mined in  the  following  manner. 

The  compound  is  powdered  finely  and  placed  in  a  flask,  from 
which  the  whole  of  the  atmospheric  air  is  expelled  by  a  current 
of  carbonic  acid  gas ;  sufficient  hydrochloric  acid  to  dissolve  the 
powder  is  added,  and  the  flask  is  quickly  and  securely  dosed. 
The  solution  of  the  powder  being  completed,  recently-prepared 
and  perfectly  clear  sulphuretted  hydrogen  water  is  added  in  excess^ 
the  flask  again  closed,  and  the  whole  allowed  to  remain  at  rest  for 
some  days.  The  peroxide  of  iron  is  reduced  to  protoxide  by  the 
sulphuretted  hydrogen,  and  a  proportional  quantity  of  sulphur  is 
deposited.  This  is  carefiilly  collected  on  a  small  weighed  filter, 
and  washed  and  dried  at  a  gentle  heat.  The  filter  must  be  pro- 
tected from  the  atmosphere  during  the  process  of  filtration. 

From  the  quantity  of  sulphur  deposited,  the  amoxmt  of  peroz- 
ide  of  iron  originally  present  may  be  calculated. 

Every  16  parts  of  sulphur  indicate  70  parts  of  peroxide  of  iron. 

FucKs  Method. — This  method  of  determining  the  peroxide  of 
iron  is  detailed  at  page  380. 

The  quantity  of  protoxide  of  iron  present  in  the  solution  of  the 
two  oxides  may  also  be  determined  by  the  volumetrical  method 
of  Margueritte  or  Penny. 
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In  oondncting  these  various  processes  mtended  for  the  deter* 
mination  of  the  proportions  in  whioh  the  peroxide  and  protoxide 
of  iron  exist  when  they  are  together  in  a  compound^  great  care 
must  be  taken  during  the  solution  of  the  substance  to  be  analyzed 
that  no  possibility  occurs  either  of  the  peroxidation  of  the  pro- 
toxide, or  of  the  reduction  of  the  peroxide. 

Separation  of  Peroxide  of  Iron  from  Protoxide  of  Ma/nganese.'^^ 
This  may  be  effected  by  precipitating  the  iron  from  a  neutral  so- 
lution by  succinate  or  benzoate  of  ammonia,  which  re  agents  do  not 
precipitate  protoxide  of  manganese.  K  any  iron  exists  in  the 
solution  as  protoxide,  it  must  first  be  converted  into  peroxide  by 
boiling  with  nitric  acid,  or  with  hydrochloric  acid  and  chlorate  of 
potassa. 

If  the  solution  is  acid  it  must  be  neutralized  by '  ammonia, 
chloride  of  ammonium  being  added  to  prevent  the  precipitation 
of  protoxide  of  manganese.  A  slight  excess  of  ammonia  may  be 
added,  so  that  a  trace  of  peroxide  of  iron  remains  undissolved 
when  the  solution  is  heated. 

Succinate  of  soda,  or  succinate  or  benzoate  of  ammonia^  may  be 
used  as  the  precipitant.  The  precipitate,  which  is  bulky,  should 
be  washed  with  caustic  ammonia  while  on^'the  filter,  in  order  to 
remove  the  greater  portion  of  the  organic  Bcid,  that  there  may  be 
less  risk  of  reducing  a  portion  of  peroxide*  during  the  ignition  of 
the  precipitate.  From  the  filtrate,  protoxide  of  manganese  may  be 
precipitated  by  soda.  Peroxide  of  iron  and  protoxide  of  manga- 
nese may  also  be  separated  in  the  following  manner :  Dissolve  the 
oxides  in  hydrochloric  acid,  and  boil  the  solution  with  carbonate 
of  baryta  or  with  carbonate  of  lime ;  the  perchloride  of  iron  is 
decomposed  with  precipitation  of  the  peroxide;  and  the  formation 
of  a  corresponding  quantity  of  chloride  of  barium  or  chloride  of 
calcium ;  while  on  the  contrary,  the  protochloride  of  manganese 
is  not  affected  by  the  earthy  carbonate.  The  latter  is  added  to  the 
solution  of  the  two  oxides,  so  long  as  effervescence,  due  to  the 
escape  of  carbonic  acid,  continues.  When  effervescence  has  ceased, 
the  solution  is  boiled  for  a  short  time  and  then  filtered.  The  pre-' 
cipitate  of  peroxide  of  iron,  with  excess' of  earthy  carbonate,  is 
then  dissolved  in  hydrochloric  acid ;  and  if  carbonate  of  lime  has 
been  used,  ammonia  is  added,  to  re-precipitate  peroxide  of  iron, 
avoiding  exposure  to  the  air  as  much  as  possible^  ^  prevent  the 
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absorption  of  carbonic  add  and  formation  of  carbonate  of  lime. 
If  carbonate  of  baryta  has  been  used  instead  of  carbonate  of  lime, 
baryta  may  first  be  separated  from  the  solution  in  hydrochldric 
acid  by  sulphuric  acid,  after  which  the  solution  is  filtered  and  the 
peroxide  of  iron  precipitated  by  the  addition  of  ammonia. 

The  solution,  filtered  from  the  precipitate  of  peroxide  of  ijon 
and  excess  of  earthy  carbonate,  contains  chloride  of  manganese^ 
and  also  chloride  of  calcium  or  barium.  If  the  former,  oxide  of 
manganese  is  separated  as  follows :  Chloride  of  ammonium  is  first 
added  to  the  solution  (unless  it  contains  a  large  quantity  of  free 
acid)  to  prevent  precipitation  by  ammonia,  which  is  next  added ; 
after  which  the  manganese  is  precipitated  as  sulphide  by  sulphide 
of  ammonium.  The  precipitate  is  collected,  washed  with  a  very 
dilute  solution  of  sulphide  of  ammonium,  and  dissolved  in  hydro- 
chloric acid ;  the  solution  is  then  heated  until  the  sulphuretted 
hydrogen  thus  formed  is  completely  expelled,  which  is  known  by 
the  solution  becoming  inodorous.  The  solution  is  now  filtered 
and  the  manganese  precipitated  by  carbonate  of  potassa.  The 
solution  filtered  from  the  sulphuret  of  manganese  containiog  lime 
(and  the  same  process  is  effectual,  if  it  contains  magnesia)  is  add* 
ified  by  hydrochloric  acid,  boiled  to  expel  sulphuretted  hydrogen, 
and  filtered.  The  filtered  solution  is  then  supersaturated  with 
ammonia,  and  the  lime  is  precipitated  as  oxalate  by  oxalate  of 
animonia  or  oxalic  acid.  The  separation  is  also  effected  in  the 
following  manner :  Carbonates  of  manganese  and  lime  are  pre- 
dpitated  by  a  fixed  alkalhie  carbonate,  the  solution  being  boiled 
at  the  time  of  precipitation.  The  precipitate  is  ignited  at  a  dull 
red-heat,  to  convert  the  carbonate  of  manganese  into  manganoso* 
manganic  oxide  Qlufi^),  and  is  then  treated  with  very  dilute  nitric 
acid :  this  solution  dissolves  the  lime  with  effervescence,  leaving 
the  oxide  of  manganese  unacted  upon,  which  may  be  collected 
upon  a  filter,  washed,  ignited,  and  weighed. 

Any  trace  of  manganese  dissolved  by  the  nitric  acid  may  be 
precipitated  by  sulphide  of  ammonium,  after  neutralizing  the  add 
by  caustic  ammonia. 

This  process  is  also  suitable  for  the  separation  of  manganese 
from  magnesia,  which  behaves  in  every  respect  as  the  lime. 

If  carf>onate  of  baryta  has  been  used  to  decompose  the  chloride 
of  iron,  the  baryta  may  be  separated  by  sulphate  of  soda,  which 
25 
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will  precipitate  sulphate  of  baryta;  the  solatioii  may  then  be 
filtered,  and  the  oxide  of  manganese  precipitated  as  carbonate  of 
potassa. 

A  similar  process  is  frequently  used  to  effect  the  separation  of 
peroxide  of  iron  from  other  oxides  whose  solutions  in  hydrochloric 
acid  are  not  decomposed  when  boiled  with  carbonate  of  lime  or 
baryta.  Two  precautions  must  be  adopted  in  this  process — 1.  That 
neither  sulphuric,  phosphoric,  arsenic,  nor  boracic  acid  is  present 
m  the  solution;  and  2,  That  aU  the  iron  exists  in  the  state  of  per- 
oxide, as  salts  of  the  protoxide  of  iron  are  not  decomposable  by 
carbonate  of  lime. 

Sq^TOtion  of  Iron  from  OohaU  and  Nickel — The  solution  of  iron 
is  then  peroxidized,  and  the  iron  is  then  precipitated  by  succinate 
or  benzoate  of  ammonia,  and  the  cobalt  and  nickel  in  the  filtrate 
are  separated  by  one  of  the  following  methods. 

PhilUp^s  Method, — ^Both  the  oxides  are  to  be,  if  not  already  in 
solution,  dissolved  in  an  acid,  and  the  solution  supersaturated  with 
ammonia,  having  previously  added  a  sufficient  quantity  of  chloride 
of  ammonium  to  prevent  precipitation ;  the  solution,  which  is  of  a 
sky-blue  color,  is  then  largely  diluted  with  water  which  has  been 
previously  well  boiled  to  expel  atmospheric  air :  caustic  potassa  is 
added  to  the  solution,  and  the  vessel  is  closed  with  a  cork ;  oxide 
of  nickdl  is  thus  precipitated,  but  the  oxide  of  cobalt  remains  in. 
solution ;  when  the  former  has  completely  settled,  the  supemattot 
liquid,  which  should  have  a  rose-red  tint,  is  filtered  ofi^  and  the 
oxide  of  nickel  washed  with  hot  water,  ignited,  and  weighed ; 
the  oxide  of  cobalt  in  filtrate  is  precipitated  by  sulphide  of  am- 
monium. 

The  reason  which  renders  it  necessary  to  use  water  free  from 
atmospheric  air  for  the  dilution  of  the  solution  is,  that  air  would 
cause  the  formation  of  peroxide  of  cobalt,-  which,  precipitating  as 
a  black  powder,  would  contaminate  the  oxide  of  nickel.  The 
more  dilute  the  solution  is,  the  less  easily  does  the  oxide  of  cobalt 
become  peroxidized. 

When  much  ammoniacal  salt  is  present,  a  very  considerable 
quantity  of  caustic  potassa  is  required  to  precipitate  the  oxide  of 
nickel. 

According  to  Fresenius,  the  separation  by  this  method  is  not 
perfect,  the  cobalt  invariably  retaining  a  trace  of  nickel,  and  the 
precioitated  nickel  often  containing  traces  of  cobalt. 


APPENDIX*  S87 

lAdng^B  Method. — ^Hydrochloric  acid  is  added  to  tie  solution  of 
the  two  metals^  and  then  cyanide  of  potassium,  in  such  excess  that 
the  precipitate  at  first  formed  is  re-dissolved,  the  whole  is  boiled, 
adding  from  time  to  time  hydrochloric  acid,  until  hydrocyanic  acid 
ceases  to  be  evolved.  An  excess  of  caustic  potassa  is  then  added, 
and  the  boiling  is  continued  until  the  hydrated  protoxide  of  nickel 
19  completely  precipitated ;  the  solution  is  then  filtered,  and  the 
filtrate  contains  the  whole  of  the  cobalt  in  the  form  of  cobalticyan- 
i4e  of  potassium ;  it  is  evaporated  to  dryness  with  excess  of  nitric 
acid,  the  residue  fused,  and  treated  with  hot  water ;  peroxide  of 
cobalt  remains,  which  is  dissolved  in  hydrochloric  acid,  precip- 
itated as  oxide,  by  potassa^  and  reduced  by  a  current  of  hydrogen 
and  heat,  and  then  weighed. 

Rosens  Method. — ^This  process  is  founded  upon  the  greater  ten- 
dency of  protoxide  of  cobalt  than  of  protoxide  of  nickel  to  per- 
oxidize. 

Both  metals  are  dissolved  in  hydrochloric  acid;  the  solution 
must  contain  a  sufficient  excess  of  free  acid ;  it  is  then  diluted  with 
a  considerable  quantity  of  water. 

As  cobalt  possesses  a  much  higher  coloring  power  than  nickel, 
the  diluted  solution  is  of  a  rose  color,  even  when  a  great  quantity 
of  nickel  is  present ;  a  current  of  chlorine  is  then  passed  through 
the  solution  for  several  hours. 

Carbonate  of  baryta  in  excess  is  added,  and  the  whole  allowed 
to  stand  for  eighteen  hours,  being  frequently  agitated ;  the  precip- 
itated peroxide  of  cobalt  and  the  excess  of  carbonate  of  baryta  are 
well  washed  with  cold  water,  and  dissolved  in  hot  hydrochloric 
acid;  after  the  separation  of  the  baryta  by  sulphuric  acid,  the 
cobalt  is  precipitated  by  hydrate  of  potassa,  and  after  being 
washed  and  dried,  is  placed  in  a  platinum  capsule  and  reduced  by 
hydrogen  gas. 

The  filtrate  from  the  oxide  of  cobalt  is  of  a  pure  green  color, 
and  does  not  contain  a  trace  of  that  element    Aft;er  the  removal 
of  baryta  by  means  of  sulphuric  acid,  the  oxide  of  nickel  is  pre 
cipitated  by  caustic  potassa. 

Frederick  FieWs  Method — The  method  of  separating  iron  from 
either  cobalt  or  nickel,  or  both,  consists  in  precipitating  the  iron 
by  means  of  oxide  of  lead  (litharge):  the  process  is  conducted  in 
the  following  manner. 
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The  mixed  metals  are  brought  into  solution  as  nitrates,  and  the 
solution  is  then  evaporated  nearly  to  dryness,  water  is  then  added,  , 
and  also  oxide  of  lead,  after  which  the  solution  is  briskly  boiled 
for  ten  minutes  or  a  quarter  of  an  hour,  the  iron  is  entirely  pre- 
cipitated from  the  solution,  the  other  nitrates  remaining  dissolved. 
After  filtration  sulphuric  acid  is  added,  and  the  liquid  is  allowed ' 
to  stand  for  sixteen  hours  to  precipitate  the  lead,  after  which  the 
nickel  and  cobalt  may  be  determined  as  in  the  last  method,  but 
it  is  preferred  to  precipitate  the  nickel,  as  peroxide  of  hypochlorite 
of  soda. 

The  peroxide  of  nickel,  after  boiling  the  solution  in  which  it  is 
suspended,  separates  as  a  dense  precipitate,  and  can  be  readily 
washed,  but  the  precipitation  should  be  performed  in  an  open 
vessel,  in  order  to  facilitate  the  removal  of  flakes  firom  the  sides^ 
which  are  somewhat  liable  to  be  formed  there.  The  peroxide  is 
heated  to  whiteness,  and  the  nickel  is  then  weighed  as  protoxide. 
This  method  appears  from  |^e  experiments  of  its  inventor  to  be 
exceedingly  accurate  and  expeditious. 

Separation  of  Iron  from  Alumina. — ^The  solution  containing  the 
peroxide  of  iron  and  the  alumina  is  concentrated  by  evaporation, 
and  digested  with  excess  of  caustic  potassa,  in  which  the  alumina 
alone  is  dissolved. 

KnopT  Method, — The  above  process  is  used,  but  with  the  addi- 
tion of  sulphide  of  ammonium,  to  effect  complete  precipitation  of 
the  iron,  or,  when  practicable,  the  two  oxides  are  precipitated  by 
sulphide  of  ammonium,  the  precipitate  being  washed  with  a  very 
weak  solution  of  sulphide  of  ammonium,  and  the  alumina  is  sub- 
sequently extracted  by  potassa,  to  which  a  few  drops  of  sulphide 
of  ammonium  have  been  added. 

Berthier's  Method, — The  moist  hydrates  are  boiled  with  sul- 
phurous acid,  when  the  alumina  is  deposited,  the  iron  remaining 
m  solution. 

To  prevent  an  ochrous  depc^it  from  the  action  of  the  air,  the 
solution  should  be  boiled  in  a  long-necked  flask,  and  when  sul- 
phurous acid  ceases  to  be  evolved,  it  should  be  filled  with  boiling 
water,  and  corked ;  when  it  has  become  cold,  the  liqxdd  is  decanted 
on  to  a  filter,  replaced  by  boiling  water,  and  finally  filtered  and 
edulcorated.  Phosphoric  acid  is  carried  down  by  the  alumina^  but 
arsenic  acid  is  not. 
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In  the  above  procesSy  the  solntion  of  sulpburous  acid  may  be 
replaced  by  sulphite  of  ammonia,  the  iron  is  thereby  reduced  to 
protoxide,  and  the  alumina  is  precipitated. 

Separation  of  Iron  from  Magnesia, — Chloride  of  ammonium  is 
added  to  the  solution,  in  order  to  prevent  the  precipitation  of  the 
znagnesia»  but  this  is  not  necessary,  if  the  solution  of  the  oxides 
contains  a  considerable  excess  of  hydrochloric  acid.  Caustic  am* 
monia  is  then  added  to  precipitate  the  iron  as  peroxide,  which, 
however,  carries  down  some  of  the  magnesia  with  it,  firom  which 
it  is  freed  by  again  dissolving  in  hydrochloric  acid  and  precipitat- 
ing the  iron  by  succinate,  benzoate,  or  acetate  of  iron.  The  two 
solutions  of  magnesia  are  mixed,  and  the  magnesia  is  completely 
precipitated  by  phosphate  of  soda.  The  whole  is  then  well 
agitated,  and  allowed  to  stand  for  several  hours. 

The  precipitate  is  collected  on  a  filter,  washed  with  water  con- 
taining about  one-eighth  of  ammonia.  The  washed  salt  is  dried 
and  carefully  ignited,  together  with  the  filter.  The  ignited  salt  is 
then  weighed :  it  is  the  pyrophosphate  of  magnesia,  and  contains 
86'46  per  cent,  of  magnesia. 

Separation  of  Peroxide  of  Ironjrom  Baryta, — To  the  solution  of 
the  two  oxides  sulphate  of  soda  is  added,  whereby  the  baryta  is 
precipitated  as  sulphate,  and  from  the  filtered  solution  peroxide  of 
iron  is  precipftated  as  above  directed. 

Separation  <f  Peroxide  of  Iron  from  Yttria, — Berthier^e  Ifethod.^^ 
The  moist  hydrates  of  the  oxides  are  boiled  with  sulphurous  acid, 
whereby  the  yttria  will  be  deposited,  the  iron  remaining  in  solu- 
tion. To  prevent  the  formation  of  an  ochreous  deposit  from  the 
action  of  the  atmospheric  air,  the  solution'  should  be  boiled  in  a 
flask  with  a  long  neck,  and  when  nd  more  sulphurous  acid  is  dis- 
engaged, it  should  be  filled  with  boiling  water  and  corked ;  when 
it  has  become  cold,  the  liquid  is  decanted  on  to  a  filter,  replaced 
by  boiling  water,  and  finally  filtered  and  edulcorated. 

Scherer''8  Method. — To  a  neutral  solution  of  the  oxides,  oxalate 
of  potassa  is  added,  whereby  th&  double  oxalate  of  yttria  and 
potassa  will  be  formed,  which  will  gradually  appear  as  a  crystalline 
precipitate,  which,  by  ignition,  is  converted  into  yttria  and  carbon- 
ate of  potassa;  this  mixture  is  dissolved  in  hydrochloric  acid, 
diluted  with  much  water^  and  the  yttria  is  then  precipitated  by 
caustic  ammonia ;  it  must  then  be  well  washed  with  boiling  water, 
after  which  it  may  be  ignited  and  weighed. 
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Syxsratian  of  Iron  from  the  Alkalies  and  Alkaline  Mirths. — ^Thia 
may  be  effected  either  by  ammonia  or  its  succinate,  but  when  alka- 
line earths  are  in  solution  with  iron,  care  must  be  taken  that  the 
ammonia  used  be  perfectly  caustic,  for  should  any  carbonic  acid 
be  present,  the  precipitate  would  become  contaminated  with  the 
loarbonates  of  the  alkaline  earths  present  in  the  solution.  1£  the 
iron  is  to  be  separated  from  magnesia,  a  sufi&citot  quantity  of 
chloride  of  ammonium  must  be  added  to  retain  that  earth  in  sola- 
uon,  otherwise  it  will  be  precipitated  by  the  ammonia.  This 
precaution  will,  however,  be  rendered  unnecessary,  if  the  solution 
contains  much  free  hydrochloric  acid,  as  in  that  case  chloride  of 
ammonium  will  be  formed  on  the  addition  of  ammonia. 

Separation  of  Iron  from  Silica. — This  is  readily  effected  when 
the  bodies  are  in  solution,  by  evaporating  to  dryness,  and  re- 
dissolving  in  dilute  hydrochloric  acid,  when  the  silica  will  remain 
insoluble,  and  may  be  separated  by  filtration,  dried,  and  weighed. 

It  frequently  happens  that  the  silicate  cannot,  even  by  protracted 
boiling,  be  decomposed  by  "hydrochloric  or  nitrohydrochloric  acid, 
and  in  this  case  it  must  be  decomposed  by  one  of  the  following 
methods  before  it  can  be  brought  into  solution. 

Fusion  with  an  Alkaline  Carbonate. — ^The  ^silicate  in  the  finest 
possible  state  of  division  is  mixed  in  a  platinum  crucible  with 
three  or  four  times  its  weight  of  anhydrous  carbonate  of  soda,  or 
with  an  equal  quantity  of  well-dried  carbonate  of  potassa,  or  with 
a  mixture  of  both.  The  crucible  is  then  placed  in  a  ftunace,  and 
at  first  heated  gently;  but  subsequently  to  intense  ignition,  at 
which  it  must  be  maintained  for  from  thirty  minutes  to  one  hour. 
When  the  crucible  is  cool,  the  contents  are  dissolved  out  carefully; ' 
the  crucible  being  placed  in  a  beaker  and  drenched  with  water, 
after  which  hydrochloric  acid  is  added  by  degrees,  by  which  car- 
bonic acid  will  be  evolved ;  the  beaker  is  then  covered  and  heated 
gently  until  the  whole  is  dissolved,  except,  perhaps,  a  few  flakes 
of  silica.  If  heavy,  gritty  particles  subside;  the  decomposition 
has  been  imperfect,  and  the  experiment  must  be  re-commenced  on 
another  portion  of  the  mineral. 

Fusion  with  Caustic  Potassa. — The  finely-pulverized  mineral  is 
mixed  in  a  silver  crucible  with  four  or  five  times  iti^  weight  of 
caustic  potassa ;  the  cover  is  placed  on  the  crucible,  and  it  is  then 
carefully  heated  to  dryness  over  a  lamp,  and  the  dry  mass  is  sub- 
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flequently  heated  to  rednessy  after  wbicli  the  oontents  of  the  crucible 
may  be  diBSolved  in  hydrochloric  acid. 

AhicKs  Method. — The  mineral  is  fnsed  with  four  or  six  times  its 
weight  of  carbonate  of  baryta.  The  most  intense  heat  is  required 
— no  action  taking  place  until  Vision  has  been  induced,  after  which 
rapid  decomposition  proceeds,  the  operation  being  concluded  in  a 
quarter  of  an  hour.  No  silicate  has  been  found  to  withstand  the 
action  of  this  agent 

Hydrate  of  baryta  may  also  be  used,  and  in  this  case  the  oper- 
ation may  be  conducted  in  a  silver  crucible  over  a  good  spirit* 
lamp.  Four  or  five  parts  of  the  hydrate  deprived  of  its  water  of 
frystallization  are  mixed  with  one  of  the  mineral  and  covered 
with  a  layer  of  carbonate  of  barjrta.  The  decomposition  being 
complete,  the  analysis  is  proceeded  with  in  the  usual  manner. 

BerzelhiJs  Method. — This  method  consists  in  attacking  the  mineral 
with  hydrofluoric  acid.  The  finely-powdered  mineral  is  placed  in 
a  shallow  platinum  dish,  standing  in  the  centre  of  a  leaden  dish 
about  six  inches  in  diameter.  The  bottom  of  the  dish  is  covered 
with  a  layer  about  one-quarter  of  an  inch  thick  of  a  paste  made  of 
powdered  fluor-spar  and  sulphuric  acid.  The  mineral  is  slightly 
moistened,  and  the  cover  having  been  put  on  the  dish,  it  is  gently 
warmed,  hydrofluoric  acid  is  liberated,  which  will,  in  about  one  hour 
and  a  hal^  decompose  about  twenty-five  grains  of  silicate.  During 
the  process  the  powder  must  be  moistened  once  or  twice.  The  de- 
composition being  complete,  the 'powder  is  moistened  with  concen- 
trated- hydrochloric  acid  until  hydrofluosilicic  ceases  to  be  etolved, 
when  the  excess  of  sulphuric  acid  is  expelled  by  evaporation  to 
'dryness,  after  which  the  powder  may  be  dissolved  in  dilute  hydro- 
chloric acid,  and  examined  in  the  usual  way. 

SepcsraJAmof  Iron  from  Ghr&ndwm^ — Rosi^  Method. — To  a  solu- 
tion of  the  metals  add  tartaric  acid,  to  prevent  precipitation  by 
potassa,  which  is  then  added,  and  the  iron  is  precipitated  by  sul- 
phide of  potassium.  The  filtered  solution  is  evaporated  to  dryness, 
ignited,  fused  with  carbonate  of  soda  and  nitrate  of  potassa.  The 
alkaline  chromate  thus  formed  is  dissolved,  and  the  chromium 
precipitated  by  bar3rta  or  lead,  and  weighed  as  chromate  of  baryta 
or  lead.    The  precipitants  are  used  in  the  form  of  nitrates. 

Liebig^s  Method, — The  solution  is  saturated  with  sulphuretted 
hydrogen  to  reduce  the  iron  to  protoxide  (a  few  drops  of  sulphide 
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of  ammonium  fmswexs  tiie  purpose)^  and  it  is  then  thrown  down 
by  cyanide  of  potassium,  and  an  exoess  of  the  latter  added ;  the 
iron  then  dissolves  as  ferrocyanide  of  potassium,  but  the  oxide  of 
chromium  remains  insoluble,  and  may  be  dried  and  weighed. 

Separation  of  Iron  frcm  Limey  StrarUm,  and  the  AlhaUes. — ^This 
may  be  readily  effected  by  caustic  ammonia,  which  precipitates 
peroxide  of  iron  only.  In  the  cases  of  strontia  and  Ume,  access 
of  air  must  be  avoided,  as  otherwise  a  portion  of  the  Ume  or 
strontia  might  be  precipitated  as  carbonate,  and  for  the  same  reason* 
the  ammonia  must  be  perfectly  pure  and  caustic. 

Separation  of  Iron  from  LanUmum  and  Cerium. — ^The  lantanum 
or  cerium  may  be  precipitated  as  oxalate  by  oxalate  of  potasl\^ 
double  oxalates  being  gradually  formed  while  the  iron  remains  in 
solution.  By  heating  to  redness  the  mixture  is  converted  into  car- 
bonate of  potassa  and  oxide  of  cerium  or  lantanum,  as  the  case 
may  be.  The  mixture  is  dissolved  in  hydrochloric  acid,  and  the 
solution  diluted,  after  which  the  'oxide  of  cerium  or  lantanum  is 
precipitated  by  caustic  ammonia. 

Separation  of  Iron  from  Carbonic  Acid. — The  carbonic  acid  may 
be  evolved  by  means  of  a  mineral  acid  and  estimated  as  loss.  The 
operation  may  be  conveniently  conducted  in  the  apparatus  of  Par- 
nell,  or  of  Fresenius  and  Will :  in  both,  means  are  provided  to 
arrest  the  aqueous  vapor,  which  might  otherwise  be  carried  off 
without  the  carbonic  acid,  Pamell's  consists  of  a  flask,  in  which 
is  the  carbonate  and  a  tube  of  acid — a  tube  passes  through  the 
cork  of  the  flask ,  and  is  coxmected  at  its  outer  extremity  with  a 
tube  Altered  with  chloride  of  calcium,  to  arrest  aqueous  vapor. 
The  apparatus,  when  supplied  with  the  carbonate  and  fitted  to*^ 
gether,  is  inclined,  when  the  acid  runs  from  the  contained  tube,  and 
decomposes  the'  mineral ;  the  last  portions  of  carbSnic  acid  are 
expelled  by  heat  In  Fresenius  and  Will's  apparatus,  two  flasks 
are  used,  and  the  aqueous  vapor  is  absorbed  by  sulphuric  acid. 
Whichever  method  we  adopt,  the  flasks  must  be  weighed  before 
and  after  the  operation,  the  difference  'being  the  quantity  of  car- 
bonic acid. 

The  carbonic  acid  in  carbonate  of  iron  may  also  be  expelled  by 
heat  and  estimated  as  loss. 

Separation  of  Iron  from  Phosphoric  Add — Phosphoric  acid  when 
Stqq.  may  be  estimated  as  pyrophosphate  of  magnesia ;  chloride  of 
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ammonium^  ammonia^  and  sulphate  of  magnesia  are  added  to  the 
solTitioi],  which  is  then  well  agitated.  The  mixture  is  allowed  to 
rest  for  several  hours ;  it  is  then  filtered,  the  precipitate  washed 
with  water  containing  a  little  ammonia,  in  which  it  is  almost  inso- 
luble ;  the  precipitate  is  then  ignited — ^first  gently,  then  strongly, 
to  convert  it  into  pyrophosphate  of  magnesia,  which  contains 
63*54  per  cent  of  phosphoric  acid. 

Fre9emu8^8  Method. — The  solution  is  boiled,  removed  from  the 
lampy  and  sulphite  of  soda  added,  until  the  color  has  become  pale- 
green  and  carbonate  of  soda  produces  a  white  precipitate :  it  is 
then  boiled  until  ihe  smell  of  sulphurous  acid  disappears,  any 
excess  of  free  acid  is  neutralized  with  carbcniate  of  soda,  a  few 
drops  of  chlorine  water  added,  and  excess  of  .acetate  of  soda.  The 
phosphoric  acid  is  precipitated  as  perphosphate  of  iron.  Chlorine 
water  is  now  added  until  the  liquor  appears  reddish.  It  is  boiled 
until  it  becomes  clear,  filtered  hot,  and  the  precipitate  washed  with 
hot  water.  The  precipitate  contains  the  phosphoric  acid  as  per- 
phosphate of  iron,  with  a  little  basic  peracetate  of  iron.  The  pre* 
cipitate  is  dissolved  in  hydrochloric  acid,  reduced  with  sulphite  of 
soda,  and  boiled  with  potassa  or  soda  till  it  is  black  and  granular. 
It  is  dissolved  in  hydrochloric  acid  and  added  to  the  other  solution 
of  iron,  from  which  the  other  elements  have  previously  been 
separated.  The  filtered  solution  contains  the  phosphoric  acid, 
which  is  precipitated  and  treated  as  above. 

Separation  of  Sulphur  from  Iron. — Dissolve  the  mineral  slowly 
in  hydrochloric  acid,  pass  the  evolved  gas  through  acetate  of  lead, 
in  a  solution  acidified  with  acetic  acid ;  sulphide  of  lead  is  preci- 
pitated :  this  is  converted  into  sulphate  of  lead  by  digestion  in 
fuming  nitriQ  acid ;  from  the  weight  of  the  sulphur,  the  amount  of 
sulphur  is  caldblated. 

Bromeia's  Method. — The  powder  is  acted  on  by  sulphunc  acid 
diluted,  and. the  evolved  gas  is  passed  through  an  ammoniacal  solu- 
tion of  silver,  and  the  sulphur  is  then  weighed  as  sulphide  of  silver. 

We  have  now,  as  &r  as  is.  consistent  with  the  object  of  the  pre* 
sent  work,  detailed  the  various  methods  of  separating  iron  from 
those  elements  with  which  it  is  commonly  associated  in  nature,  and 
we  will  therefore  pass  on  to  an  account  of  a  variety  of  methods 
employed  for  the  complete  analysis  of  samples  of  iron  ores,  such 
as  are  used  in  commerce,  and  of  commercial  iron. 
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Analysis  of  Oasi-Iron. — ^The  following  method  of  analyzing  cast- 
iron  and  iron  ores  is  extracted  from  the  published  report  of  the 
experiments  on  cast-iron  conducted  at  Woolwich,  and. ordered  by 
the  House  of  Commons  to  be  printed,  80th  July,  1858.  The  pro- 
cess was  adopted  in  the  examination  of  numerous  specimens,  the 
analyses  being  performed  by  Mr.  John  Spiller  and  Mr.  Arthur 
Beyuolds. 

Preparation  of  the  Sample. — Preparatory  to  its  examination,  the 
metal  was  reduced  to  a  suitable  state  of  division,  by  boring,  turn- 
ing, or  planing.  In  the  case  of  white  iron,  it  was  broken  to  a 
coarse  powder  in  a  steel  crushing-mortar.  It  was  considered 
preferable  to  prepare  an  average  sample  of  the  pig  by  boring 
across  it,  so  that  a  &ir  proportion  of  the  graphite,  which  was  oc- 
casionally concentrated  towards  the  centre  of  the  pig,  might  be 
mcluded  in  the  sample.  The  five  borings  obtained  in  this  way 
were  further  reduced  when  necessary,  and  thoroughly  mixed  by 
trituration  in  a  Wedgwood  mortar. 

Chemical  Analysis. — ^In  the  analysis  of  pig-iron,  the  proportions 
of  the  following  constituents  were  usually  determined :  Manganese, 
carbon,  silicon,  sulphur,  phosphorus ;  and  in  certain  cases,  metals^ 
such  as  arsenic,  lead,  and  copper,  when  their  existence  in  ap* 
preciable  quantity  had  been  discbveifed  in  the  ores  from  which  the 
iron  had  been  obtained. 

For  this  purpose,  four  portions  were  usually  weighed  out : 

a.  100  grains  for  sulphur,  carbon  existing  as  graphite,  silicon, 

and  manganese ; 

b.  60  grains  for  phosphorus ; 

c.  60  to  100  grains  for  determining  the  existence  and  amount 

of  combined  carbon ; 

d.  600.  grains  for  metals  existing  in  the  iron  in  minute  pro- 

portions. 
Sulphur. — One  hundred  grains  of  the  iron  borings  were  slowly 
dissolved  in  concentrated  hydrochloric  acid,  the  evolved  gas  being 
passed  through  a  solution  of  acetate  of  lead,  slightly  acidified  with 
acetic  acid,  the  sulphuretted  hydrogen  disengaged  together  with 
hydrogen,  precipitated  the  sulphide  of  lead,  which  was  collected 
on  a  filter,  washed,  burnt,  and  subsequently  (in  the  customary  man- 
ner) converted  into  the  sulphate  of  lead,  from  the  weight  of  which 
the  per-centage  of  sulphur  was  calculated. 
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The  contents  of  the  flask,  after  the  metal  had  been  fully  acted 
upon,  were  transferred  to  a  porcelain  basin  and  evaporated  to  dry- 
nesS;  the  mass  digested  with  concentrated  hydrochloric  acid,  and 
water  afterwards  added.  The  insoluble  residue,  consisting  of  silicic 
acid  and  graphite,  was  collected  on  a  filter,  the  filtrate  being  re- 
served  for  the  estimation  of  manganese. 

Carbon  as  Gfraphite. — The  mixed  silicic  acid  and  graphite  were 
separated  by  the  action  of  a  warm  solution  of  pure  potassa,  when 
the  silicic  acid  was  dissolved,  the  graphite,  which  remained  inso- 
luble, was  again  collected,  washed  with  dilute  hydrochloric  acid 
and  water,  and  dried ;  it  was  afterwards  carefully  removed  firom 
the  paper  by  scraping  with  a  knife-blade,  and  transferred  to  a 
platinum  crucible,  in  which,  after  exposure  for  some  time  to  about 
800°  F.,  it  was  weighed.  Upon  subsequently  burning  the^  graphite 
in  a  muffle,  it  usually  left  a  very  small  quantity  of  reddish  ash, 
which  was  deducted  from  the  former  weight 

Silicon. — The  amount  of  silicic  acid  dissolved  by  the  potassa  was 
recovered  in  the  usual  manner  by  evaporation  with  hydrochloric 
acid ;  the  residue  was  digested  with  water,  collected,  washed,  dried, 
and  weighed.  The  amount  of  silicon  in  the  iron  was  calculated 
&om  the  silicic  acid  obtained. 

Manganese. — The  hydrochloric  acid  solution,  separated  from  the 
silicic  acid  and  graphite,  was  divided  into  two  equal  portions,  one 
of  which,  reppesenting  fifly  grains  of  iron,  was  always  sufficient 
for  the  estimation  of  the  manganese.  The  iron  in  the  liquid  hav- 
ing been  peroxidized  by  boiling  the  hydrochloric  acid  solution, 
and  adding  occasionally  a  little  cnlorate  of  potassa,  the  acid  was  to 
a  great  extent  neutralized  by  the  addition  of  carbonate  of  am- 
monia. Sufficient  acetate  of  ammonia  was  afterwards  added  for 
the  conversion  of  the  chloride  of  iron  into  acetate,  and  the  liquid 
was  boiled,  when  the  iron  was  completely  separated  as  insoluble 
basic  acetate. 

The  filtrate  containing  manganese  was  rendered  alkaline  with 
ammonia,  and  after  the  addition  of  a  few. drops  of  bromine,  set 
acdde  for  about  eighteen  hours.  The  hydrated  binoxide  of  manga- 
nese, which  had  separated  from  the  liquid,  was  afterwards  col- 
lected, washed,  dried,  and  ignited  at  a  high  temperature,  when  ii 
was  weighed  as  manganoso-manganic  oxide  (Mn,04\  which  for- 
nished  by  calculation  the  quantity  of  manganese. 
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Phosphorus. — For  the  estimation  of  phosphorus^  fifty  grains  of 
the  iron  borings  were  acted  upon  with  warm  nitro-hjdrochlorio 
acid,  in  a  flask  with  a  long  neck,  and  after  complete  solution  <^ 
the  metal,  the  contents  of  the  flask  were  transferred  to  a  porcelain 
basin,  and  evaporated  to  dryness.  The  residue  was  moistened  with 
concentrated  hydrochloric  acid  and  again  evaporated,  so  as 
thoroughly  to  expel  nitric  acid*  The  residue  then. obtained  was 
dissolved  in  hydrochloric  acid,  the  solution  diluted,  filtered,  nearly 
neutralized  with  carbonate  of  ammonia,  and  the  iron  in  solution 
reduced  to  protoxide,  by  the  additiop  of  sulphite  of  ammonia  to 
the  gently-heated  liquid,  and  the  subsequent  careftd  addition  of 
dilute  sulphuric  acid  to  expel  excess  of  sulphurous  acid.  Acetate 
of  ammoni%  and  a  few  drops  of  solution  of  sesquichloride  of  iron 
were  then  added,  and  the  liquid  boUed,  wheoi  the  phosphoric  acid 
was  precipitated  as  basic  phosphate  of  sesquioxide  of  iron,  with 
some  basic  acetate*  The  liquid  was  rapidly  filtered,  with  as  little 
eixposHre  to  the  air  as  possible,  the  precipitate  was  slightly  washed 
and  dissolved  in  hydrochloric  acid,  the  solution  neutralized  with 
carbonate  of  ammonia,  and  sulphide  of  ammonium  added.  It  was 
then  gently  heated,  to  insure  the  conversion  of  phosphate  into 
sulphide  of  iron.  The  latter  was  afterwards  removed  by  filtration, 
washed  with  dilute  sulphide  of  ammonium,  and  the  phosphoric 
acid  was  precipitated  from  the  solution  in  the  usual  manner  as 
ammonio-phosphate  of  magnesia,  and  weighed  as  pyrophosphate 
of  magnesia,  from  which  the  phosphorus  was  calculated. 

Cornbined  Cbrion.'^After  numerous  comparative  trials  of  the 
several  methods  in  common  use  for  determining  the  total  amount 
of  carbon  in  cast-iron,  that  which  was  ultimately  adopted  (after 
necessary  experiments  had  fuUy  established  its  iEtccuracy)  con* 
sisted  in  dissolving  the  metal  in  an  acid  solution  of  chloride  of 
copper,  collecting  and  washing  the  insoluble  residue  which  re- 
mained after  the  complete  action  of  this  solvent,  and  submitting  it, 
when  dry,  to  combustion  with  oxide  of  copper  in  a  current  of 
oxygen,  the  source  of  heat  employed  being  the  gas  combusti/^n* 
fdmace.  The  total  amount  of  carbon  in  the  iron  was  then  calcn* 
lated  from  the  weight  of  carbonic  acid  absorbed  by  solution  of 
potasaa  in  the  usual  manner.  The  carbon  existing  in  a  state  <^ 
combination  with  the  iron  was  represented  by  the  excess  which 
iMs  process  afforded  over  that  of  the  direct  estimation  of  carbon 
as  graphite,  in  the  manner  already  described. 
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Minute  Prvportians  of  Foreign  Metals. — About  400  or  500  graiiis 
of  the  iron  were  employed  in  the  examination  for  metals  precipi- 
tated by  sulphuretted  hydrogen,  e,g^  lead,  copper,  arsenic,  &c.  The 
iron  was  dissolved  in  hydrochloric  acid,  and  the  solution,  diluted 
and  partly  neutralized  with  carbonate  of  soda,  was  submitted  to 
the  action  of  sulphuretted  hydrogen.  After  saturation  with  the 
gas,  the  liquid  was  allowed  to  stand  at  rest  for  several  hours,  ^d 
t^e  small  quantity  of  sediment  which  had  subsided  was  examined 
for  metals  by  the  ordinary  analytical  processes. 

Analysis  of  Iron  Ores. — ^The  analytical  processes  employed  for 
the  separation  of  the  various  constituents  occurring  in  iron  ores^ 
were  in  a  great  measure  identical  with  those  employed  in  the  ex* 
amination  of  metallic  iron:  thus  the  estimation  of  oxide  of  man* 
ganese  was  conducted  in  a  precisely  similar  manner,  and  with  the 
exception  that  no  process  of  reductiop  was  required  in  the  case  of 
clay  ironstone,  and  other  ores  containing  the  iron  already  in  the 
state  of  protoxide,  the  phosphoric  acid  was  determined  by  the  same 
process  as  that  employed  for  the  estimation  of  phosphorus  in  pig- 
iron.  The  amount  of  metallic  iron  and  its  condition  of  oxidation 
in  the  ore  were  determined  by  Margueritte's  volumetrical  method 
with  standard  solution  of  permanganate  of  potash,  while  the  pro- 
portions  of  lime,  magnesia,  carbonic  acid,  water  (hygroscopic  and 
combined)^  insoluble  residue,  and  the  nature  of  this  latter,  were 
determined  by  following  the  analytical  processes  invariably 
employed  in  mineral  analyses  of  this  description. 

Analysis  of  Clay  Ironstone, — PumelPs  Method. — ^The  ordinary 
constituente  of  this  ore  are,  carbonic  acid,  si^ca,  protoxide  and 
peroxide  of  iron,  alumina,  magnesia,  lime,  and  protoxide  of  man- 
ganese. Its  complete  analysis  may  be  effected  in  the  following 
manner :  The  powdered  mineral  is.  boiled  in  aqua  regia,  with 
effervescence  of  carbonic  acid  and  separation  of  siUca,  with  per- 
haps a  little  alumina  as  insoluble  residue.  These  are  estimated  by 
ordinary  processes.  'The  solution,  which  contains  all  tiie  baseSy 
with  perhaps  the  exception  of  a  littie  alumina,  is  evaporated  to 
dryness :  the  residue  is  re-dissolved  in  dilute  hydrochloric  acid,  and 
the  solution  is  filtered.  Unless  the  solution  is  very  add,  chloride 
of  ammonium  is  now  added,  and  afterwards  excess  of  caustic 
ammonia,  which  precipitates  peroxide  of  iron  and  alumina  with 
small  quantities  of  protoxide  of  manganese  and  magnesia.    From 
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the  solution  filtered  fix)m  this  precipitate  lime  is  to  be  precipitated 
as  oxalate;  by  oxalate  of  ammonia  or  oxalic  acid.  The  precipitate 
by  ammonia  being  filtered  and  washed,  is  dissolved  in  a  small 
quantity  of  hydrochloric  acid.  This  solution  is  then  boiled  with 
excess  of  caustic  potassa^  to  dissolve  the  alumina  at  first  precipi- 
tated by  potash,  which  may  be  estimated  by  the  usual  method. 
The  portion  insoluble  in  excess  of  potassa  is  re-dissolved  in  pure 
hydrochloric  acid,  the  solution  is  carefully  neutralized  with 
ammonia;  bnd  the  peroxide  of  iron  precipitated  as  succinate  or 
benzoatC;  with  the  precautions  already  described.  The  filtered 
Uqxud,  containing  small  quantities  of  magnesia  and  protoxide  of 
manganese,  is  mixed  with  that  filtered  from  the  oxalate  of  lime ; 
and  from  the  mixture  manganese  is  precipitated  as  sulphuret  by 
sulphide  of  ammonium  from  the  filtered  solution,  and  after  the 
separation  of  this  precipitate  /  the  magnesia  is  separated  as 
ammonio-phosphate  by  phosphate  of  soda  with  ammonia. 

If  the  amount  of  iron  only  is  required,  add  ammonia  in  excess 
to  the  solution  in  aqua  regia ;  after  washing,  boil  the  precipitate 
in  solution  of  caustic  potassa,  to  dissolve  ^umina,  re-dissolve  the 
peroxide  of  iron  in  hydrochloric  acid,  and  again  precipitate  it  by 
ammonia ;  dry,  ignite,  and  weigh. 

Analysis  of  SpcUhose  Iron  Ore;  Woehler's  Meilwd, — ^Dissolve  the 
powdered  mineral  in  hydrochloric  acid,  adding  nitric  acid ;  during 
the  process,  dilute  the  solution,  and  neutralize  it  with  carbonate 
of  soda  imtil  it  becomes  of  a  brownish  color,  when  a  concentrated 
solution  of  acetate  of  soda  is  to  be  added,  and  the  whole  heated  to 
the  boiling-point.  In  this  manner,  iron,  and  iron  only,  is  precipi- 
tated, the  precipitate  being  a  salt  of  the  peroxide-  The  filtrate  i^ 
to  be  neutralized,  mixed  with  hypochlorite  of  soda,  and  Allowed  to 
stand  fo»  twenty-four  hours,  when  the  manganese  will  be  precipi- 
tated as  the  oxide,  having  the  symbol  MnO,.  The  application  of 
heat  transforms  it  into  manganoso-manganic  oxide  (Mn304).  The 
liquid  filtered  from  the  manganese  precipitate  should  be  examined 
for  lime  and  magnesia. 

Second  ife<Aorf.r-Dissolve  as  before,  and  precipitate  all  the  iron 
by  carbonate  of  soda,  stirring  the  solution  during  the  process ;  the 
other  bases  remain  dissolved  in  the  free  carbonic  acid.  The  solu- 
tion should  be  much  diluted. 

Another  Meihodj  Conington, — Dissolve  the  fiftely-pulverized  ore 
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in  hot  hydrocliloric  add^  peroxidize  the  solution  by  means  of 
nitric  acid  or  chlorate  of  potasaa,  then  add  caustic  ammonia  until 
a  precipitate  begins  to  appear,  after  which  precipitate  the  iron  by 
sulphide  of  ammonium;  filter  off  the  solution,  rapidly  wash  the 
precipitate  with  water,  containing  a  few  drops  of  sulphide  of  am* 
monium,  ignite,  and  weigEt  it 

Acidify  the  filtrate  with  hydrochloric  acid,  evaporate  the  solu- 
tion to  dryness,  and  heat  the  residue,  to  volatilize  the  ammoniacal 
salts;  dissolve  again  in  hydrochloric  acid,  saturate  the  solution 
with  chlorine,  and  precipitate  the  manganese  by  caustic  ammonia, 
filter,  rapidly  ignite,  and  weigh  as  usuaL  The  other  ingredients 
are  determined  as  usuaL 

Analysis  of  Chrome-Iron  Orc-^NoacTs  MampulcUian  cmd  Analy- 
sis.)— The  mineml  is  first  reduced  to  a  fine  powder,  after  which  it 
is  to  be  fused  with  caustic  potassa  (an  alkaline  carbonate  is  not 
applicable).  The  fused  mass  is  digested  in  water,  which  dissolves 
the  chromate  of  potassa,  together  with  the  excess  of  potassa.  The 
oxide  of  iron  remains  behind,  together  with,  perhaps,  a  small 
quantity  of  undecomposed  ore,  which  is  separated  from  the  sesqui- 
oxide  of  iron  by  hydrochloric  acid  ^  from  the  solution  in  hydro- 
chloric acid  the  iron  is  precipitated  by  ammonia,  and  the  chromic 
acid  in  the  aqueous  solution  is  reduced  to  sesquioxide  of  chro- 
mium by  hydrochloric  acid  and  alcohol. 

If  the  mineral  contained  alumina,  it  will  be  found  in  the  aque- 
ous solution  with  the  alkaline  chromate,  and  will  be  precipitated 
with  the  oxide  of  chromium,  from  which  it  is  separated  in  the  fol- 
lowing manner. 

The  mixture  of  the  two  oxides  is  fused  with  twice  its  weight  of 
carbonate  of  soda,  and  twice  and  a  half  its  weight  of<  nitrate  of 
potassa.  The  oxide  of  chromium  becomes  converted  into  alkaline 
chromate,  which  is  extracted  with  water,  and  the  alumina  which 
remains  undissolved  is  freed  fiom  alkali  by  solution  in  hydrochlo- 
ric acid  and  precipitatipn  by  ammonia. 

According  to  Dr.  Schaff haur,  a  portion  of  the  alumina  in  this 
process  always  dissolves  along  with  the  alkaline  chromate.  He 
therefore  recommends  to  convey  the  precipitate  obtained  by  add- 
ing aromonia  to  a  solution  of  the  two  oxides  into  a'hot  concen- 
trated solution  of  caustic  potassa,  and  to  boil  the  whole  down  until 
near  solidification;  when  quite  cold^  water  is  added,  and  the  whole 
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of  the  alumina  dissolves  without  carrying  with  it  a  trace  of  oxide 
of  chromium. 

Woehkr's  Method, — The  finely-powdered  oje  is  intimately  mixed 
with  four  parts  of  bisulphate  of  potassa,  and  raise  the  whole  to  a 
red  heat,  A  sufBicient  time  foif  the  complete  decomposition  of  the 
mineral  having  elapsed,  the  mixture  is  allowed  to  cool,  after  which 
a  double  quantity  of  equal  parts  of  carbonate  of  soda  and  nitrate 
of  potassa  are  added,  and  the  mixture  is  again  fused,  in  order  to 
obtain  an  alkaline  chromate.  The  mass  having  been  allowed  to 
cool,  the  alkaline  chromate  is  extracted  by  water,  and  the  insoluble 

residue  is  treated  as  usual. 

•    

Analysis  of  Bed  Hematite. — This  ore  usually  contains  sesquioxide 
of  iron,  some  alkaline  carbonates,  and  admixture  of  the  matrix  in 
which  the  ore  is  found.  * 

Fresenius^s  Method, — The  mineral  is  first  pounded,  and  dried  at 
212^  F.  Treat  the  dried  mineral  with  dilute  nitric  acid,  or  with 
boiling  acetic  acid,  in  order  to  dissolve  out  the  alkaline  carbonates, 
which  may  be  estimated  in  the  usual  manner,  from  this  solution. 
Filter  off  the  soli^tion,  and  dry  and  ignite  the  residue  as  usual,  and 
then  place  it  in  a  porcelain  btat,  which  is  put  into  a  porcelain  tube 
^  and  heated  to  redness,  whilst  a  current  of  .dry  hydrogen  is  passed 
slowly  over  it.  The  loss  of  weight  in  this  last  operation  expresses 
the  amount  of  oxygen  in  the  sesquioxide  of  iron,  fipom  which  the 
iron  may  also  be  calculated.  The  residue  is  then  treated  with 
hydrochloric  acid,  by  which  the  iron  is  dissolved,  and  it  is  then 
immediately  determined  volumetricaJly  by  the  method  of  Mar- 
gueritte  or  by  that  of  Penny.  Wash  the  insoluble  residue  dry, 
ignite,  and  weigh. 

The  water  and  carbonic  acid  may  be  determined  by  a  separate 
ignition,  being  estimated  as  loss.  (In  order  to  determine  the 
quantity  of  each  of  these  ingr^ents^  the  water  may  be  arrested 
by  a  tube  containing  chloride  of  calcium). 

Analysis  of  Brown  ffemoMte. — This  ore  usually  c6ntains  hydrated 
sesquioxide  of  iron,  alumina,  sesquioxide  of  manganese,  lime, 
magnesia,  silica,  phosphoric  acid,  sulphuric  acid,  and  admixture 
of  matrix. 

Fresenius^s  Method. — (Recommended  for  ores  containing  only  a 
small  quantity  of  silica,  alumina,  lime,  and  magnesia.)  Fuse  the 
dry  pulverized  mineral  with  thrice  its  weight  of^carbonates  of  soda 
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and  potafisa.  When  cold,  digest  the  fused  mass  in  water,  filter, 
and  wash  the  residue.  Acidify,  the  filtrate  with  hydrochloric  acid, 
and  separate  the  silica ;  add  a  few  drops  of  solution  of  chloride  of 
barium,  and  let  the  liquor  stand  for  twenty-four  hours ;  after  which 
filter  from  sulphate  of  baryta.  Eemove  tjie  excess  of  baryta  by 
means  of  sulphuric  acid,  and  precipitate  the  phosphorus  as  pyco- 
phosphate  of  magnesia  in  the  following  manner.  To  the  solution 
containing  the  phosphoric  acid  add  a  clear  mixture  of  sulphate  of 
magnesia^  caustic  ammonia,  and  chloride  of  ammonium,  until  its 
odor  is  eyolved,  and  let  the  mixture  stand  for  twelve  hours  in  the 
cold ;  filter  and  wash  the  precipitate  with  water,  containing  one- 
third  of  solution  of  ammonia,  until  the  rinsings  after  the  addition 
of  hydrochloric  acid  cease  to  be  rendered  turbid  by  chloride  of 
barium ;  dry  the  precipitate,  place  it  in  a  platinum  crucible  and 
heat,  first  gently,  then  to  intense  redness,  and  weigh  it  as  pyro- 
phosphate of  magnesia. 

Digest  the  residue  in  hydrochloric  acid,  in  a  flask  placed  ob- 
liquely, until  the  decomposition  is  complete ;  dilute  and  filter  from 
the  residual  matrix,  which  wash,  dry,  ignite,  and  weigh. 

Determine  the  sulphuric  acid  in  the  filtrate  by  chlorate  of 
barium.  Evaporate  the  solution  to  expel  excess  of  acid,  dilute, 
add  carbonate  of  soda,  and  precipitate  with  carbonate  of  baryta ; 
let  the  liquor  stand  for  half  an  hour,  and  then  filter.  Dissolve  the 
precipitate  in  hydrochloric  acid,  precipitate  the  baryta  by  sulphuric 
acid ;  filter  and  add  ammonia,  until  the  solution  is  alkaline :  filter 
from  the  precipitate,  which  wash,  dry,  and  ignite.  It  contains  ses- 
quioxide  of  iron,  alumina,  phosphoric  acid,  and  silica.  Digest  in 
hydrochloric  acid,  and  separate  the  silica,  reduce  the  filtrate  by 
sulphate  of  soda,  and  determine  the  iron,  alumina,  and  phosphoric 
acid. 

Acidify  the  alkaline  filtrate,  and  boil  with  chlorate  of  potassa , 
separate  alumina  and  phosphoric  acid. 

In  the  filtrate  determine  alumina  and  the  alkaline  earths.  In 
this  method  the  presence  of  copper  and  arsenic  is  neglected. 

Another  ife^Aoctr— Digest  the  mineral  in  hydrochloric  acid,  and 
treat  the  insoluble  residue  by  the  first  method.  Evaporate  the 
solution  in  hydrochloric  acid  to  dryness,  and  separate  the  silica ; 
reduce  the  filtrate  by  sulphite  of  soda,  and  expel  the  excess  of 
5nilphurous  acid  ¥y  heat ;  saturate  the  solution  with  hydrosulphurio 
26 
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acid ;  if  a  precipitate  is  produced,  test  it  for  copper  and  arsenic. 
Bxpel  the  hydrosulphuric  acid  by  heat,  precipitate  with  carbonate 
of  soda,  and  add  caustic  potassa  in  excess ;  boil  and  filter.  A 
black  precipitate  and  an  alkaline  filtrate  are  obtained.  The  former 
contains  oxides  of  iron,  and  perhaps  carbonate  of  manganese  and 
carbonates  and  phosphates  of  lime  and  magnesia.  Dissolve  in 
hydrochloric  acid  and  separate  phosphoric  acid  with  sesqnioxide 
of  iron;  filter,  then  separate,  and  feturn  the  sesquioxide  of  iron  to 
the  other  solution. 

Acidify  the  solution  of  alkaline  phosphate  by  hydrochloric  acid, 
and  set  aside  to  add  to  the  solution  of  phosphoric  acid. 

Treat  the  filtrate  from  the  phosphoric  acid  and  iron,  to  separate 
iron,  manganese,  lime,  and  magnesia.  Acidify  the  alkaline  filtrate, 
which  contains  alumina  and  phosphoric  acid ;  boil  with  chlorate 
of  potassa,  precipitate  by  ammonia,  and  add  chloride  of  barium ; 
digest  and  filter;  the  precipitate  contains  all  the  alumina  and 
phosphoric  acid;  the  latter  is  combined  with  the  alumina  and 
baryta. 

Wash  and  dissolve  in  as  little  hydrochloric  acid  as  possible, 
heat,  Saturate  with  carbonate  of  baryta,  add  soda,  and  precipitate 
the  baryta  by  carbonate  of  soda,  and  filter.  The  alumioa  is  in  the 
solution,  and  the  phosphoric  acid  is  in  the  filtrate. 

Acidify  the  solution  with  hydrochloric  acid,  and  boil  with  chlo-  ' 
rate  of  potassa ;  precipitate  by  the  addition  of  chloride  of  ammo-* 
nium  and  caustic  ammonia ;  boil,  filter,  and  wash  the  precipitate ; 
dissolve  in  hy(irochloric  acid,  precipitate  baryta  by  sulphuric  acid, 
and  determine  phosphoric  acid  in  filtrate  by  precipitation  by 
magnesia. 

Determine  the  sulphuric  acid  as  directed  in  the  first  method. 

Analysis  of  Titamc  Iron  Ore. — Woehhr. — Fuse  the  finely-pow- 
dered ore  with  bisulphate  of  potassa  at  a  red  heat ;  when  the 
fiised  mass  is  cool,  dissolve  in  water ;  saturate  with  ammonia,  and 
precipitate  by  sulphide  of  ammonium  the.  iron  and  titaniaacid. 

Wash  the  precipitate  with  sulphuric  acid,  to  dissolve  out  the 
iron— the  titanic  acid  remains  behind  as  an  insoluble  white  powder. 

Another  Method. — ^Raise  th«  powdered  mineral  to  an  intense  heat 
in  a  slow  current  of  hydrogen,  to  reduce  the  iron,  which  may  be 
subsequently  extracted  by  hydrochloric  acid. 

Analysis  of  Bog-Iron  Ore, —  Woehler^s  Method. — ^The  mineral  is 
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dissolved  in  hydrochloric  acid,  evaporated  to  dryness  at  212^  F. 
re-dissolved  in  warm  dilute  hydrochloric  acid,  and  filtered  to  re 
move  the  sand  and  liberated  silicic  acid. 

The  solution  should  then  be  boiled  with  sulphate  of  soda,  to 
reduce  the  peroxide  of  iron  to  the  protoxide,  and  the  arsenic  acid 
to  the  metal  (untU  no  odor  is  perceptible) ;  the  arsenic  is  then  pre- 
cipitated by  sulphuretted  hydrogen  as  sesquisulphuret^  which  may 
contain  copper. 

After  removing  this  precipitate  by  filtration,  the  solution  should 
be  boiled  to  remove  sulphuretted  hydrogen,  when  carbonate  of  ' 
soda  may  be  added^  and^  the^whole  boiled  with  excess  of  caustic  * 
soda,  until  the  precipitate  is  converted  to  a  powder. 

The  solution,  after  filtering,  contains  alumina  and  part  of  the 
phosphoric  acid;  and  the  precipitate  consists  of  protoxide  and 
peroxide  of  iron,  carbonates  of  manganese  and  carbonates  and 
phosphates  of  lime  and  magnesia.  It  should  be  dissolved  in  hot 
nitric  acid,  the  solution  partly  neutralized  with  carbonate  of  soda 
and  boiled  with  acetate  of  soda.  By  this  process  all  the  oxide  of 
iron  and  phosphoric  acid  are  precipitated,  which  may  be  separated 
as  usuaL  The  filtered  solution  contains  the  protoxide  of  manga- 
nese, lime,  and  magnesia,  which  may  also  be  separated  in  the 
ordinary  way. 

Analysis  of  Furnace  Slag, —  Woehler, — ^The  powdered  mineral  is 
digested  in  hydrochloric  acifl  mixed  with  nitric  acid  until  it  be- 
comes a  yellow,  gelatinous  mass,  when  it  is  evaporated  to  dryness 
on  a  sand-bath.  The  residue  is  digested  in  weat:  hydrochloric 
acid,  and  the  silica  reduced  by  filtration  is  washed,  dried,  and 
weighed. 

The  iron  is  precipitated  from  the  solution  by  ammonia.  If  lime 
and  magnesia  are  present,  they  are  obtained  from  the  filtrate  &om 
the  iron  precipitate.  The  lime  is  precipitated  by  oxalate  of  am- 
monia, and  is  ignited  and  weighed  as  carbonate ;  and  the  magnesia 
is  precipitated  by  phosphate  of  soda,  ignite  and  weighed  as  pyro- 
phosphate. 

Afialy^  of  Meteoric  Iron, — MulWa  Method, — ^The  powdered  min- 
eral is  dissolved  in  dilute  hydrochloric  acid  in  a  tubulated  retort. 
The  hydrogen  disengaged  is  passed  through  bulbs  containing 
nitrate  of  copper,  in  order  to  arrest  any  hydrosulphuric  acid  which 
may  be  evolved.  The  sulphur  obtained  is  oxidized  by  boiling  in 
nitric  acid,  and  weighed  as  sulphate  of  baryta. 
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The  solution  is  filtered  from  the  insoluble  residue  and  saturated 
with  hjdrosulphuric  acid ;  sulphur  and  a  trace  of  copper  are  de- 
posited. The  solution  is  oxidized,  and  the  iron  precipitatecl  as 
sulphide,  which  is,  however,  partly  soluble  in  presence  of  phos- 
phoric add. 

The  phosphoric  acid  is  estimated  by  Rising  the  mineral  with 
carbonate  of  soda,  and  precipitating  it  by  magnesia. 

Nickel,  cobalt,  and  manganese  are  precipitated  by  sulphide  of 
ammonium,  the*  iron  in  this  case  being  separated  by  carbonate,  of 
baryta.  The  nickel  and  cobalt  may  be  separate  by  Lieblg's 
mefliod,  or  by  precipitating  the  cobalt,  by  means  of  carbonate  of 
baryta,  from  a  solution  which  has  been  previously  treated  with 
chlorine  or  bromine.  The  residue  is  levigated,  by  which  is  ob- 
tained a  black  fiocculent  matter  and  a  black  shining  substance. 
The  former  dissolves  in  hydrochloric  acid,  evolving  hydrosaIi> 
phuric  acid.  The  black  shining  mass  dissolves  completely  in 
warm  nitro-hydrochloric  acid;  the  solution  is  mixed  with  soda 
and  carbonate  of  potassa,  and  evaporated  to  dryness,  and  ftised,  to 
remove  phosphoric  acid.  Iron  and  nickel  are  determined  as  above. 
This  is  the  method  which  was  used  by  Muller  in  the  analysis  of 
some  specimens  of  meteoric  iron  from  Zaoatecas^  in  Mexico. 
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Air^wndffMef, — Is  a  coDdenBer  where  air  is  the  cooling  medinm,  steam  being 

contained  within  the  vessel,  which  may  be  of  tnbes  or  flat  plates, 

around  which  a  current  of  air  circulates. 
jAtr-jiodbete. — Are  airspaces  left  around  steam-cylinders  and  boilers  to  prevent 

the  dispersion  of  heat, 
.^tr-jmiiifs.— Are  pumps  used  to  remove  the  air,  vapor,  and  water  from  the 

condensers  of  steam-engines, 
^tr-vesfeb. — Are  fixed  upon  the  discharge-pipes  of  force-pumps  to  equalise 

the  pressure  of  water,  and  to  prevent  the  occurrence  of  shocks. 
*ArgSUMWUJ^. — Clayey. 

BaXifvako^ — ^A  valve  formed  by  a  sphere  fitting  a  spherical  seat. 
AUance  Isvan .*-Are  weighted  levers  used  to  open  the  valves  of  Gomish  and 

other  pumping-engines. 
B«Sy. — ^The  central  part  of  a  blast-ftimace. 

Bevd-wh^els, — ^Tooth-wheels,  having  their  teeth  at  an  angle  to  the  axis. 
BeU-^rank, — A  lever,  having  its  arms  at  right  angles. 
.B^e-ptcmps.— Are  used  for  removing  the  bilge-water  in  ships. 
BUutftumaee, — An  upright  furnace  used  for  smelting  iron. 
Blooms, — Masses  of  wrought-iron,  as  furnished  from  the  puddling-forges. 
Blow-holes, — Air  spaces  which  sometimes  occur  in  castings. 
BlowtJirough  Cheks. — Are  applied  to  steam-engines  to  allow  steam  to  be  blown 

through  cylinder  and  oondenser  before  starting. 
Body. — ^The  upper  part  of  the  blast-ftimace.  * 

Bor^-6ar«.— Cany  the  tools  by  which  cylinders  are  bored. 
Boring-heads, — Short  cylinders,  which  carry  cutting-tools,  and  are  placed 

upon  boring-bars. 
Bof^. — Lower  part  of  the  blast-ftimace. 
Boss. — ^Circular  elevations  to  receive  the  pressure  of  nuts,  bolt-heads,  Ac ;  also 

central  projections,  to  which  the  arms  of  the  wheels,  Ac,  are  at^ched. 
Botrtfoidal. — A  term  applied  to  minerals,  of  which  the  fracture  is  conchoidal. 
Brine-pumps, — Are  used  to  discharge  salt-water  from  marine  boilers,  at  in- 
tervals, to  prevent  super-saturation  and  deposition  of  salt. 
Broaches, — ^Tools  for  smoothing  cylindrical  or  conical  holes. 
Buckets. — Pistons  fitted  with  valves  to  allow  of  the  passage  of  fluid  through 

them  in  one  direction. 
Bucket-pumps. — Pumps  furnished  with  buckets. 
Buddies. — APP^U^^^  ^or  washing  minerals. 
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Catna, — Discs  upon  which  bosses  6r  protasions  are  fonned,  either  npon  the 

periphery  or  the  face. 
Carbonates, — Compounds  of  earth  or  oxides  with  carbonic  acid. 
Carrier. — A  piece  of  apparatus  used  to  secure  the  revolntion  of  woric  in  a 

lathe. 
Catar<ict, — A  species  of  brake,  which  is  used  to  govern  the  velocity  of  Cornish 

pnmping-engines. 
Centre-punch. — A  pointed  punch  nsed  to  mark  ont  work. 
Chucks. — ^Apparatns  connected  with  taming  lathes,  to  which  the  work  to  be 

operated  npon  is  secured. 
CSodi^voive.— A  vaWe  opening  on  a  hinge  placed  at  one  edge. 
Clinkers. — Slags  or  scoriae  which  form  in  furnaces 
Clothing. — Covering  applied  to  steam-boilers,  cylinders,  Ac.,  to  prevent ^088 

of  heat. 
CoUar-^oU. — A  bolt  forged  with  a  shoulder  cr  collar. 
Cotter-jointf  Oib,  and. — A  joint  made  with  a  key  and  wedge. 
Counter. — An  instrument  for  recording  the  number  of  strokes  br  rerolmtiona 

made  by  machinery. 
Cores. — Pieces  of  baked  earth,  used  to  produce  cavities  in  castings. 
Core-prints, — Projections  on  patterns  left  to  form  recesses  in  moulds^  in  which 

to  rest  cores. 
Cross-heads. — Cross-beams  carried  at  the  upper  enids  of  piston  and  other^ods. 
Cross-tails. — Similar  to  cross-heads,  but  fixed  at  the  lower  extremities  of  rods. 
CupoZa.— A  small  blast  furnace,  used  to  melt  iron  for  castings. 
Ctfanogen. — A  gas  consisting  of  carbon  and  hydrogen. 
Cylinder  ports. — The  steam-passages  through  which  steam  is  admitted  to  the 

working  cylinder  of  an  engine. 
Deoxidation. — Removal  of  oxygen  from  bodies  with  which  it  is  combined. 
Detent, — A  catch  to  arrest  the  teeth  of  wheels  or  racks. 
Dividing-engine. — A  machine  to  effect  the -graduation  of  scales. 
Disengaging-gear. — Gear  for  stopping  and  starting  engines. 
Donhey-engines.-SmaM  engines  us^d  to  feed  steam-boilers. 
Double-beat  valves.^YsXres  formed  with  two  seatings. 
/>|.|j^«._Tools  used  to  clear  square  and  polygonal  holes. 
Dynamics. — The  science  which  treats^  of  the  motion  of  bodies. 
Eccentric. — A  wheel  fixed  eccentrically  upon  a  shaft  to  produce  rectilineal 

from  rotative  motion. 
Eccentfic  strap. — A  band  surrounding  the  eccentric,  and  within  which  the 

eccentric  revolves. 
EquHibriwn-vdlve. — A  valve  so  formed  that  it  is  unaffected  by  fluid  pressure 

in  either  direction. 
Exhaust  port. — ^The  opening  by  which  waste  steam  leaves  the  working  cylinder. 
Expansion-valve, — A  valve  used  to  cut  off  the  supply  of  steam  at  any  po* 

sition  oi  the  engine.         • 
False  seams. — Bidges  produced  on  castings  where  the  mould  is  Joined.    . 
Peed-pump, — A  pump  used  to  su;)ply  steam-boilers. 
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Fiffugmou$.^OonUAn\ng  iron.  « 

f7<Mibt.<— Boxes  in  which  moalds  for  oastings  are  made. 
Fluxes, — Materials  used  to  dissolve  scorin  and  protect  sarfaces  from  oxida- 
tion. 
FtyAoketL-^A  heavy  wheel  employed  to  equalise  the  motion  of  machinery. 
FloaU» — A  kind  of  file,  bat  having  redges  instead  of  teeth. 
Gah-lever. — An  eccentric  rod  having  a  gap  to  embrace  the  valve-gear 
Galena. — ^A  combination  of  snlphur  and  lead. 
Gates  or  GUs.-^Air  and  feed-holes  left  in  monlds  for  castings. 
Gauge^cocks. — Cocks  fixed  at  various  levels  in  a  steam-boiler  to  show  the 

height  of  the  water  level. 
Gauge^loBs, — A  glass  tube  connected  at  top  and  bottom  with  the  boiler  to 

show  the  water  level  at  sjght. 
Gib  and  CoUer^'oitU. — See  Cotter. 
G^. — See  Gates. 

Gland, — ^'llie  cover  of  a  stuffing-box. 

Governor. — An  instrument  to  regulate  the  motion  of  a  prime  mover. 
Grease^cock. — A  cock  to  allow  of  the  entrance  of  grease  to  steam-cylinders, 

Ac,  without  loss  of  steam. 
Gudgeons^ — Short  shafts,  pins,  or  studs  acting  as  axes  of  rotation  or  oscil- 
lation. . 
JiMcb.^Tbe  standards  which  caoy  the  centres  of  |i  lathe. 
Beadtfboring. — See  Boring-heads. 
Heade-crose. — See  Cross-heads. 
Hearts. — The  vessels  making  the  communications  between  the  various  tubes 

of  Craddock's  boiler. 
Heat,  laient. — Heat  which  has  disappeared  during  liquefaction  or  gasification. 
HeatSj  specie. — The  relative  quantities  of  heat  contained  by  various  bodies 

of  equal  weight 
Hob. — A  kind  of  screw  used  to  make  dies  and  screw-cutting  tools   , 
Hub. — See  Boss. 

flbm'^genti^y.— Uniformity  of  texture  and  constitution. 
Hom-plales  — ^The  plates  which  guide  and  retain  the  axle-boxes  of  railway 

and  other  vehicles. 
£brss-|>otoer.— One  horse-power  is  equal  to  33,000  foot-pounds  of  work  per 

minute. 
Hoi  wdl. — A  cistern  into  which  the  water,  te.,  from  the  condenser  of  a  steam* 

engine  is  raised  by  the  air-pump. 
Indicator. — ^An  instrument  for  determining  the  pressure  in  the  cylinder  of  a 

steam-engine. 
Injector,  Gifford's. — ^An  instrument  for  feeding  boilers  by  means  of  a  jet  of 

steam. 
Injectumrcock. — ^The  cock  which  regulates  the  admission  of  water  to  the  con-  ' 

denser. 
Jigging. — Washing  minerals  in  a  sieve. 
Journal. — That  part  of  a  shaft  which  is  in  contact  with  the  bearings. 
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JoMi  equivalent. — The  amonnt  of  work  foand  by  Dr.  Jonle  to  be 

to  one  uDit  of  heat,  the  work  beiog  expended  in  the  production  of 
friction,  772  foot-poands. 

Jwik  rrn^s.—The  rings  by  which  piston  packings  are  retained  in  position 
and  tightened-ap  when  necessaryt 

Loading  screw, — That  screw  by  which  the  slide-rest  of  a  sorew-cotting  lathe 
is  caused  to  progress  along  the  lathe  bed. 

Latent  heat. — See  Heat,  latent. 

MandTU.—The  shafts  in  the  head-stock  of  a  lathe  which  Carries  the  centre. 

Manhole. — ^An  opening  in  a  steam-boiler  to  admit  a  man  to  clean  it. 

Matrix. — ^The  soil  surrounding  a  mineral  which  adheres  to  it  when  it  is  ex- 
cavated. 

Mitre  wheels. — Bevel  wheels,  having  their  teeth  at  an  angle  of  45^  to  the  axis. 

Moment  of  force, — The  intensity  of  a  rotating  force,  multiplied  by  its  dis- 
tance from  the  centre  of  rotation. 

Mud'hole.-^An  aperture  in  the  lower  part  of  the  boiler  to  allow  the  sediment 
to  be  washed  out. 

Nozssles. — The  extremities  of  the  steam  and  exhaust  passages  of  the  cylinder 
of  a  steam-engine. 

Ooddalion. — ^The  combination  of  oxygen  with  any  substance. 

Oxides. — Compounds  of  oxygen  with  various  bodies. 

Packing. — Metal,  india-rubber,  or  hemp,  employed  to  prevent  the  escape  of 
'  steam  past  the  moving  parts  of  an  engine. 

BMjl.--See  Detent. 

Plug-rod. — Bod  by  which  the  valve-gear  of  a  pumping-engine  is  wrought. 
.  ■  Plummer-Uocks. — Carry  the  bearings  of  shafts. 

Poppet-head* — The  back  head  of  a  lathe. 

Ports. — See  Cylinder  ports. 

Power — Work  divided  by  time. 

Prints. — Sse  Core  prints. 

Pump  buckets. — See  Buckets. «. 

Beniform. — Of  a  kidney  shape. 

Shymers. — See  Broaches. 

Riggers. — Pulleys  by  which  motion  is  transmitted  through  bands. 

Ring-valv^. — Double-beat  valves,  having  the  two  beats  in  the  same  plane. 

Reading. — An  operation  to  remove  sulphur,  arsenic,  and  other  volatile  ingre* 
dients  from  minerals  to  be  smelted. 

Scabs. — Defects  on  castings  produced  by  the  peeling  of  the  mould. 

Shank. — A  large  ladle  used  by  moulders. 

Silicates, — Combinations  of  silicic  acid  with  various  bases. 

Slag  or  Scoriae. — The  refuse  from  smelting  operations. 

Snap. — A  swage  used  for  forging  the  heads  of  rivets. 

Snugs. — Projections  to  afford  means  of  attachment  or  to  fix  the  position  of 
plummer  blocks,  &c. 

Spur  wheels. — ^Tooth  wheels. 

Spring  beams. — Stoat  beams  that  receive  the  blow  at  the  termination  of  the 
stroke  of  a  Cornish  engine. 
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Atoofn^'adtoL-^teaiii  space  left  around  a  workiDg  cylinder. 

Steam-porU.^See  Ojhnder  porU,  • 

Sulphates, — Compounds  of  sulphuric  acid  with  various  bases. 

Sulphides  or  SulphureU. — Oompounds  of  sulphur  with  various  elements. 

Superheaters. — Apparatus  for  elev^ng  the  temperature  of  steam  above  that 

due  to  its  pressure. 
Tang. — ^That  part  of  a  file  or  chisel  that  is  inserted  in  the  handle. 
Taps  and  Dies. — ^Tools  for  making  nuts  and  screws. 
Templaie.'^A  gauge  showing  the  profile  of  any  required  work. 
2VunMonf.-«-The  journals  by  which  oscillating  cylinders  are  supported. 
Tue^ron* — ^The  noszle  through  which  the  blast  is  supplied  to  a  forge. 
Tunnel-hole. — ^The  opening  through  which  a  blast  furnace  is  fed. 
Tuper, — See  Tue-iron. 

Valves. — ^Apparatus  to  regulate  the  flow  of  liquids  and  gases. 
Weld. — Jl  Joint  made  by  hammering  or  pressing  metals  together  when  hot. 
Work. — A.  pressure  multiplied  into  the  space  through  which  it  acts. 
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Abel's  method  of  combiniDg  copper 

ftnd  phoaphoniB,  20 
Accumulated  work,  82 
Action  of  crank,  97 
Action    of    reciprocating    steam-en- 

ffines,  88 
Addition,  327 
Agricnltaral  locomotive,  Fnllan  and 

Lake's,  214 
Air-engines,  74 
Air-pamps,  166 

Alkaline  carbonate,  fusion  with,  390 
Alloy  of  copper  and  alnminnm,  20 
Alloy  of  copper  and  phosphorus,  20 
Alloy  of  copper  and  silicon,  20 
Alnminnm,  alloy  of  copper  and,  20 
American     experiments    on     explo- 
*  dons,  292 
American  experiments  on  .explosions, 

contrary  conclasions  drawn  from,  303 
Analysis  of  bog-iron  ore,  402       * 
Analysis  of  brown  hematite,  400,  401 
Analysis  of  brown   hematite,  Frese- 

nios's  method,  400 
Analysis  of  cast-iron,  394 
Analysis  of  clay  ironstone,  Pumell's 

method,  397 
Analysis  of  chrome  iron  ore,  399 
Analysis  of  chrome  iron  ore,  Noad's 

method,  399 
Analysis  of  chrome  iron  ore,  Woehler's 

method,  400 
Analysis  of  ftimace  slag,  403 
Analysis  of  iron  and  iron  ores,  368 
Analysis  of  meteoric  iron,  403 
Analysis  of  red  hematite,  400 
Analysis  of  red  hematite,  Fresenius's 

method,  400 
Analysis  of  spathose  iron  ore,  398 
Analysis  of  spathose  iron  ore,  Ooning- 

ton's  method,  398 
Analysis  of  spathose  iron  ore,  Woeh- 

leWs  method,  398 
Analysis  of  titanic  iron  ore,  402 


Angles  of  edges  of  cutting  tools,  47 

Annealing  of  steel,  364 

Anvil,  37 

Applicability  of   varions    kinds    of 

steam-engmes,  109 
Arithmetical  signs,  328 
Axle  and  polley,  78 
Baked  sand,  moulding  in,  43 
Balance  for  loose  eccentric,  165 
Ball  valve,  173 

Beam  engine,  description  of,  202 
Beam,  main,  148 
Beams,  148 
Bearings,  150 

Bessemer's  process  for  refining  iron,  28 
Black  shale  as  a  flux,  23 
Blast  furnace,  24 
Blast   furnace,    consumption  of  fuel 

in,  27 
Blast  furnace,  practical  working"  of,  27 
Blast,  hot,  27 
Blast  for  cupolas,  45 
Blocks,  plummer,  150 
Blooms  o#  iron,  35 
Blowing  machine,  26 
Bog  iron  ore,  analysis  of^  402 
Bofier  appendages,  180 
Boiler,  Bolton-and-Watt,  231 
Boiler,  description  of  Cornish,  175 
Boiler,  description  of  Graddock's,  176 
Boiler,  description  of  locomotive,  179 
Boiler,  description  of  marine  flue,  179 
Boiler,  descriptiou    of  marine  tubu* 

lar,  179 
Boiler,  elephant,  256 
Boiler,  exhibition  of  1851,  248 
Boiler,  Oallowav's  conical-tube,  237 
Boiler,  hay-stack,  230 
Boiler,  multitubular,  235 
Boiler-setting,  180 
Boiler  stays,  108 
Boiler  tubes,  180 
Boiler-mgon,  230 
Boiler,  Woolf 's,  237 
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Boflen,  175,  219,  229 

BoUen  composed  of  riyeted  plates, 

defects  of,  310 
Boilers,  Oomisli,  horse-power  of^  106 
Boilers,  deterioration  or,  292 
Boilers,  manufiBustare  of,  179 
Boilers,  general  principles  of,  106 
Boilers,  now  change  of  form  oi^  pro- 
daces  fracture,  315 
Boilers,  marine,  235 
Boilers,  tnbalar,  horse-power  o(  106 
Bolton-and-Watt  boiler,  231 
Boring  bars,  57 
Boring  heads,  57, 119 
Bosses,  149 

Boome,  John,  note  by,  219 
Bourn^  John,  on  smoke-baming,  285 
BoydeU's  traction  engine,  213 
Brass,  20 

Bray's  traction  engine,  213 
Broaches  and  rhymers,  50 
Brown  hematite,  analysis  o(  400 
Brown  iron  ore,  376 
Butterfly  valves,  171 
Calculating  screw  th^^ads,  explanation 

of  methods  of^  332 
Cam,  expansion,  158 
Cams,  159 

Carbonate  of  iron,  377 
Casehardening  of  iron,  365 
Casting  and  moulding,  41 
Cast-iron,  18 
Cast-iron,  refininff,  28 
Caustic  potassa,  fusion  with,  390 
Centrifugal  force,  85 
Centrifugal  pump,  170 
Chalk  as  a  flux,  23 
Change  wheels,  method  with  two,  333, 

340 
Change  wheels,  method  with  four,  335, 

338,340 
Change  wheels  for  screws,  332 
Change  wheels  for  screws  on  toning 

lathe,  rules  for  calculating,  323 
Change  wheels   in   a  whe^l   cutting 

machine,  344 
Chilled  casting^  45 
Chrome  iron  ore,  377 
Chrome  iron  ore,  analysis  of,  399 
Clack  valve,  171 
Clay  ironstone,  analysis  of,  397 
Clay's  method  of  refining  iron,  29 
Cleansing  ores,  23,  31 
Cochrane's  drilling  machine,  61 
Cold  chisels,  47 
Combustion  in  steam-engine  furnaces, 

282 
Comparison  of  American  experimental 

explosions  with  accidental,  298. 


Consumption  of  fuel  in  blastfurnaces,  27 

Condensers,  163 

Condensing  engines,  horse-power  of^  89 

Conical  pendulum,  86, 159 

Conical  valve,  172  . 

Connectin|^  rod,  99, 146 

Consumption  of  smoke,  189 

Copper,  19 

Copper  and  aluminum,  allov  of^  20 

Copper  and  phosphorus,  allov  of,  19 

Copper  and  silicon,  alloy  of^  20 

Copper  forging,  40 

Copper  ores,  cleansing,  31 

Copper  ores,  localities  in  which  they 

occur,  30 
Copper  smelting,  32 
Cores,  43 

Cornish  boilers,  power  of,  106 
Cornish   boiler,   Scarborough   water- 

works,  176 
Cornish  engines,  du^  of,  187 
Craddock's  boiler,  177 
Crank,  98, 151 
Crank,  action  of,  97 
Crank  shafts,  151, 153 
Cross-heads,  144 
Cupola,  45 
Cutters,  54 
Cutting  tools,  46 
Cylinders,  113 
Cylinders,  oscillatin{[,  114 
Details  of  steam-engines,  113 
Dies,  37 
Direct    action    screw  propeller    ea* 

gi|^e,206 
Disc  engine,  92 
Disengaging  ^ear,  154 
Dividing  engine,  61 
Divisibuity  of  numbers,  326 
Division,  328 
Double  beat  valves,  172 
Double  cylinder  engines,  132      ^ 
Drifts,.  50 

Drilling  machines,  59 
Drilling  machine,  Cochrane's,  59 
Drill  stocks,  49 
Drills  and  stocks,  48 
Drills,  hand,  48 

Duty  of  various  Cornish  engines,  187 
Duly  of  the  "Wicksteed"  engine,  £L 

L.  W.  W.,  188 
Eccentric  rod,  153 
Eccentrics,  104, 153, 159 
Eccentric  strap,  104 
Equal  moments  of  force,  75 
Equilibrium  valves,  131 
Equivalent,  Joule's,  71 
Engines,  the  two  ways  of  working,  73 
Ether  engmes,  74 
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Sxpansion  cam,  158 

Expansion  of  steel,  363 

£x|NinaiYe  action  of  steam,  71 

Expansion  Talres^  135 

Explosion  at  Cross  Lane,  Manches- 
ter, 294 

Exploaions,  223 

Explosions,  American  experiments  on, 
292,  318 

Explosions,  canses  of,  292 

Explosions,   drcnmstances   attending 
experiments,  305 

Explosions,    comparison    of    concla- 

sions,  304 
Explosion,  exx>erimental,  293 
Explosions,  practical   application  of 

experiments,  306 
Explosions,  recapitulation,  307 
Face  and  edge  cutlery,  54 
Ffdling  bodies,  laws  ot  82 
Feed  pomp,  167 
FUe8,46 

Fire  engine,  Lee  and  Larned's,  216 
Fitting,  63 
Flasks,  42 
Flat  tool,  53 
Fluxes,  23 
Fly-wheel,  87, 105 
Force,  centrifugal,  85 
Forge  fuel,  36 
Forge  furnace,  36 
Forging  copper,  40 
Forging  large  shafts,  38 
Forging  monster  gun  at  Li?erpool,  39 
Fractions,  324 
Fractions,  reduction  of^  324 
Fractions,  relatiye  ralnes  of,  325' 
Fraction,   to    reduce   to  its  lowest 

point,  325 
Fuel  consumed  in  blast  furnaces,  27 
Fuel  consumed  in  melting' metal,  45 
Fuel,  forge,  36 
Furnace,  blast,  24 
Furnace,  cupola,  45 
Furnace,  forge,  36 
Furnace,  refining,  28 
Furnace,  reverbator^r,  28,  33 
Furnace  slag,  analysis  of,  403 
Fusion  with  an  alkaline  carbonate, 

390 
Fusion  with  caustic  potassa,  390 
Fusion  with  caustic  potassa,  Abioh's 

method,  891 
Fusion  with  caustic  potassa,  Berselli- 

ns's  method,  391 
Gab-lerer,  156 

Galloway's  conical  tube  boiler,  237 
Gates,  or  gits,  42 


Glossary,  405 

Governors,  86, 138, 159 

Grand  Junction  pumping  engine,  193 

Grarer,  53 

Green  sand,  moulding  in,  41 

Gudgeons,  150 

Gumpel's,  0.  G.,  patent  propeller,  184 

Gun,  forging  monster,  39 

Hammers,  37 

Hand  drills,  48 

Hand  turning  tools,  53 

Hay-stack  boiler,  230 

Heat,  67 

Heat  and  motion,  70 

Heat,  latent,  68 

Heat,  specific,  70 

High  pressure  steam,  220 

Horse-power  of  disc  engines,  92 

Horse-power  of  reciprocating  eng^es, 

88 
Horse-power  of  rotary  engines,  91 
Hot  blast,  27 

Horse-power  of  tubular  boilers,  107 
Hydrostatic  press,  78 
Impagt,  82 
Inaicator,  190 
Iron,  17 

Iron,  analysis  of,  868 
Iron,  case  hardening  of,  365 
Iron,  cast,  18,  27 
Iron,  cast,  analysis  of,  394 

Do.  do.    carbon  as  graphite,  395 

Do.  do.   eombined  carbon,  396 
Do.  do.    chemical  analysis,  394 
Do.  do.   manganese,  395 
Do.  do.    minute  proportions  of  for- 
eign metals,  397 
Do.  do.   phosphorus,  396 
Do.  do.   silicon,  39& 
Do.  do.    sulphur,  394 
Iron,  cast,  preparation  o(  sample  fog 

analysis,  394 
Iron,  cast,  refining,  28 
Iron,  estimation  of;  by  means  of  hy- 

drogen,  382 
Iron,  estimation  of,  in  analysis,  378, 379 
Do.    do.    Fuch'^  method,  379 
Do.    do.    Margueritte's  method,  380 
Do.'   do.    Penny's  method,  381 
Iron,  forginff  of,  35 

Iron,  from  cnromium,  separation  of,  391 
Iron,  pudding,  28 
Iron  pyrites,  377 
Iron,  separation  of,  from  alkalies  and 

alkaline  earths,  390 
Iron,   separation   of^    from    carbonic 

acid,  392 
Iron,  separation  U,  from  alumina,  388 
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Iron,  separation  of,  from  c^alt  and 

nickel,  386 
Iron,  separation  of,  from  time,  strontia 

and  tne  alkalies,  392 
Iron,  separation  of,  from  lantannm  and 

cerium,  392 
Iron,  separation  of,  from  magnesia,  389 
Iron,  separation  of^  from  phosphoric 

acid,  392 
Iron,  separation  of,  from  silica,  390 
Iron,  separation  of  snlphor  from,  393 
Iron,  theory  of  the  redaction  of,  23 
Iron,  wrought,  18,  28 
Iron,  wrought,  crystalisation  of,  40 
Iron  ores,  analysis  of,  368,  397 
Iron  ores,  cleansing  of,  23 
Iron    ores,  localities   in  which   they 

occur,  *22 
Iron  ores,  roasting  of,  24 
Iron  ores,  smelting  of,  24 
Isherwood  and  S timer's  experiments, 

72 
Jenkyns'  TaWe,  172 
Journals,  150 
Lake's  agricultiiral  locomotive,  l^llan 

and,  214 
Lake's  traction-engine,  Pullan  and,  214 
Lathe,  65 

Laws  of  falling  bodies,  82 
Lead,  ores  of,  33 
Lead,  redaction  of  ores  of,  33 
Lee  and  Larned's  fire^ngine,  216 
Levers,  76 

Limestone  as  a  0 ox,  23 
Link  motion,  157 
Links  for  parallel  motion,  147 
Loam,  moulding  in.  43 
Locality  of  copper  ores.  30 
Locality  of  iron  ores,  22 
Locomotive  boiler,  179,  225 
]jlpcomotive  engine,  208 
Longstaff  and  Pullan's  traction  engine, 

213 
Loose  eccentric,  155 
Loose  eccentric,  balance  for,  156 
Magnetic  iron  ore,  376 
Main  beams,  148      , 
Main  features  of  various  engines,  110 
Manchester,  explosion  at,  294,  295 
Manipulation,  62 
Manufacture  of  steel,  29 
Marine  boilers,  235 
Marine  engines.  205,  235 
Marine  flue  boilers,  178 
Marine  tabular  boilers,  179 
Mechanical    constmction,    principles 

of,  75 
Mechanical  work,  75 


Melting  metal,  fnel  consumed  in,  45 

Metal,  fuel  consumed  in  melting,  45 

Metallurgy,  22 

Metallurgy  of  copper,  32 

Metallurgy  of  iron,  24 

Metallurgy  of  lead,  33 

Metallurgy  of  tin,  33 

Metallurgy  of  zinc,  33 

Metal  siaw,  48 

Meteoric  iron,  analysis  of,  403 

Minerals,  examination  of,  368 

Moments  of  force,  75 

Moments  of  force,  equal,  75 

Moulding  in  baked  sand,  43 

Moulding  in  green  sand,  41 

Moulding  in  loam.  43 

Multiplication,  328 

Multitubulnr  boiler,  235 

Mynderse,  Silsby,  and  Co/s  steam-fire* 
engine,  217 

Nasmyth's  steam-liammer,  35 

New  pumping  engine,  Scarboro'  Water- 
works, 201 

Numbers,  divisibility  of,  326 

Kuts,  51 

Nut^shaping  machine,  61 

Ores  of  copper,  30 

Ores  of  iron,  22 

Ores  of  lead,  33 

Or^s  of  tin,  33 

Ores  of  isinc,  32 

Oscillating  cylinders,  114 

Paddle  wheel,  182 

Parallel  motion,  93 

Parallel  motion,  links  of,  147 

Parting  tool,  52 

Patterns,  42 

Pendulum  conical,  86, 159 

Peroxide  of  iron,  separation  of,  from 
barjla,  389 

Peroxide  of  iron,*  separation  of, 'from 
protoxide  of  manganese,  384 

Peroxide  of  iron,  separation  of^  horn 
yttria,  389 

Perraus's  india-rubber  valve,  171 

Piston,  91, 138 

Piston  rods.  91, 142 

Piston  pumps,  169 

Planing  machine,  59 

Plunger  pumps,  169 

Plummer  blocks,  150 

Pneumatic  lift,  80 

Point  tool,  52 

Porte,  115 

Practical  diflQcultiea  of  tractioB  emri* 
neering.  212 

Propellers.  182 

Propeller,  Gumpers,  184 
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Propeller,  himdine,  164 

Propeller,  Rath?eD,  183 

Propeller,  screw,  183 

Protoxide  of  iron,  separation  o(  from 
peroxide  of  iron,  382 
Do.     do.    Fresenias'fl  method,  382 
Do.    do.    Fnch'8  method,  383 
Do.    do.    Ro8e*8  method,  383 
Do.     do.    Wood's  analjsis,  383 

Paddling,  28 

Pnddling  furnace,  28 

Pnddling  iron,  28 

Pallan  and  Lake's  agricnltaral  loeo- 
moti?e,  214 

Pallan  and  Lake's  traction  engine,  214 

Pnliejr  and  axle,  78 

Pamping  engines,  193 

Pamping  engines,  datv  of,  187 

Puropiug  ei^ines,  Bolton  and  Watt's, 

East  London  Water-works,  201 
,  Pamping  engine.  Grand  Janction,  193 
'  Pamping  engines,  Scarborough  Water- 
works, 201 

Pumping  engine,  Wool&'s,  202, 

l*arap8.  168  '        • 

Punching  machine,  60  / 

Pnnching  machine,  De  Berqn^'s,  61 

Beciprocating     engine,    horse-power 
of,  88 

Beciprocating    steam-engine,    action 
of.  88 

Red  hematite,  376 

Red  hematite,  analjrsis  of,  400 

Redaction  of  fractions,  324 

Refining  cast-iron.  28 

Refininff  furnace,  28 

Reguault's  experiments  on  properties 
of  saturated  steam,  225 

Relative  values  of  fractions,  325 

Reverberatory  furnace,  28,  33, 45 

Road  locomotives,  211 

Roasting  iron  ores,  24 

Roastiug  kiln,  24 

Rods,  143 

Rolling  mill,  36 

Rotary>eugines,  power,  of,  91, 105 

Rotary  motion,  &i 

Rotative  engines,  202 

Rule  of  three,  329 

Rule  of  three  with  fractions,  330 

Ruthven's  propeller,  183 

Safety-valves,  sticking  of,  296 

Scarborough  water-works,  new  pamp- 
ing engine  at,  201 

Scrapers,  48 

Screws,  50 

Saturated  steam,  table  of  properties 

'    of,  225 


Screws,«change  wheels  for,  on  a  turn- 
ing lathe,  rules  for  calculating,  323 

Screws,  cutting,  332 

Screw-cutting,  table  of  change  wheels 
for,  343 

Screw-plate,  50 

Screw  propeller  eng^ine,  206 

Screw  propellers,  183 

Screw  threads,  explanation  of  methods 
of  calculating,  332 

Screw  tool,  53 

Scribing  block,  66 

Separation  of  iron  from  alkalies  and 
alkaline  earths,  390 

Separation  of  iron  from  alumina,  388 
Do.    do.    Berthier's  method,  388 
Do.    do.    Knop's  method,  388 

Separation  of  iron  from  carbonic  acid, 
392 

Separation  of  iron  from  chromium,  391 
Do.    do.    Liebig's  method,  3i91 
Do.    do.    Rose's  method,  391 

Separation  of  iron  from  cobalt  and 

nickel,  386 
Do.    do.    Field's  method,  387 
Do.    do.    Liebig's  method,  387 
Do.    do.    Phillips's  method,  386 
Do.    do.    Rose's  method,  387  * 

Separation  of  iron  from  lantanum  and 
cerium,  392 

Separation  of  iron  from  lime,  strontia, 
and  the  alkalies,  392 

Separation  of  iron  from  magnesia,  389 

Separation  of  iron  from  phoephorio 
acid,  392 
Do.    do.    Fresenius's  method,  393 

Separation  of  iron  from  silica,  390 

Separation    of  iron    from    magnesia, 
389 

Separation  of  peroxide  of  iron  from 
protoxide  of  manganese,  384 

Separation  of  peroxide  of  iron  from 

^  yttria,  389 
Do.    do.    Berthier's  method,  389 

Do.    do.    Seherer's  method,  389 

Separation  of  sulphur  from  iron,  393 

Do.    do.    Bron^is's  method,  393 

Setting  of  boilers,  180 

Shafte,  forging  of,  38 

Shafts,  forging  large,  38  * 

Shand  and  Mason's  steam-flre-engine, 
216 

Shaping  machine,  58 

Shears,  51  \ 

Shrinking  of  steel,  366 

Silshy,  Mynderse  and  Oo.'s,  steam-fire- 
engine,  217 

Slide-lever  engine,  205 
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Side  tool,  52 

Slide  valve,  124 

Slotting  machine,  57 

Slotting  tool,  53 

Smoke-barnlng,  222 

Smoke-burning  fornaces,  265 

Smoke-burning,   remarks   on,   by   J. 

Bourne,  285 
Smoke,  consumption  of,  189 
Smoke  prevention,  263 
Smoke  prevention,  experiments  on,  279 
Snaps,  40 

Spathose  iron  ore,  analysis  of,  398 
Specific  heat,  70 
Specular  iron,  376 
Spray  pump,  171 
Spring  tool,  52 
Stalk  valves,  172 
Stays  for  boilers,  108 
Steam  boilers,  general  principles  of, 

106 
Steam-carriages,  211 
Steam-engine,  general  arrangement  of, 

88 
Steam-engine,  physical  basis  of,  67 
Steam-engines,  applicability  of  various 

kinds,  109 
Steam-engines,  details  of,  113 
Steam,  expansive  action  of,  71 
Steam-fire-engines,  216 
Steam-fire-engine,    Silsby,    Mynderse 

and  Oo.'8,  217 
Steam,  high  pressure,  220 
Steam  power,  various  applications,  186 
Steel,  18,  29,  38, 347 
Steel,  annealing  of,  364 
Steel,  constitution  of,  18 
Steel-expansion,  363 
Steel,  forging  of,  347 
Steel-hardening,  349 
Steel,  management  of,  347 
Steel,  shrinking  of,  366 
Steel,  tempering  of,  360 
Steel,  cast,  fuel  for,  348 
Steel,  cast,  fire  for  forging,  348 
Steel,  cast,  heat  for  forging,  348  • 
Steel,  cast,  overheating,  34iB 
Steel,  cast,  welding,  24B 
Stevenson's  locomotive,  208 


Stimer  and  Isherwood's  experimeats,  72 

Subtraction,  327 

Superheated  steam,  189 

Surface  blow-off  apparatus,  248 

Surface  condensation,  165 

Surface-plate,  64 

Tail-vice,  65 

Taps,  51 

Tempering  of  steel,  360 

Tin  ores,  33 

Tin  ores,  smelting  of,  33 

Titanic  iron  ore,  analysis  of,  402 

Traction  engine,  Boydell's,  213 

Traction  engine,  Bray's,  213 

Traction  engine,  Longstaff  and  Pol* 

lan's,  213      . 
Traction  engine,  PuUaa  and  Lake's, 

214 
Traction  eng^ines,  211 
Traction  engines,  practical  difficulties 

of,  212 
Trunk  pumps,  169 
Tubes  for  boiler,  180 
Tubular  boilers,  power  o(  107 
Tubular  marine  boilers,  179 
Universal  argand  fire-grate,  271 
Yalve,  conical,  172 
Valv^,  Perraux's  india-rubber,  171 
Valves.  113, 171 
Yalve,  expansion,  135 
Wagon  boiler,  230 
Water,  deficiency  of,  297 
Water,  loss  of,  by  blowing  off  and 

leakage,  299 
Water,  spheroidal  condition  of,  307 
Welded  joints,  38 
Welding,  38 
Wheel-cutting   machine,  method   of 

calculating  the  change  wheels  in,  344 
Wicksteed  pumping  engine,  duty  of^ 

187 
Williams's  smoke-burning  furnace,  274 
Woolfe's  boiler,  237 
Woolfe's  pumping  engine,  202 
Work,  77 

Workshop  machinery,  55 
Wrought-iron,  crystalization  o^  39 
Zinc  ores,  32 
Zinc,  smelting  o(  32 
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^practical  anb.^dentifit§0i)ks, 

FUmSHBD  BT 

HENRY    CAREY   BAIRD, 

ZNDC8TBIAL     PUBLTBHBB, 


PHILADELPHIA. 


1^  Any  of  the  fbllowinc  Books  wiU  be  sont  tj  mail,  free 
of  po«tAC6«  at  tho  poblloation  price.  Oatalogaes  ftimithed 
on  applioatlon.  

Ameriean  Miller  and  Millwright's  Assisbuit: 

A  new  and  thoronghly  rerised  Bdltion,  with  additional 
Bngravings.  Bj  wiluax  CiiBtBB  Hughbs.  In  one  vol- 
ame,  12  mo., • $1.00 

Amengaud,  Amorooi,  ud  Johnson. 

THE  PRACTICAL  DRAUaHTBMAN'S  BOOK  OF  INDUS- 
TRIAL DESIGN,  and  Haohiniei's  and  Engineer's  Drawing 
Companion;  forming  a  complete  oourseof  Meohanioal 
Engineering  and  Arohitectarai  Drawing.  From  the  French 
of  M.  Armengand  the  elder,  Prof,  of  Design  in  the  Con- 
serTatoire  of  Arte  and  Indnttry,  Paris,  and  MM.  Armen- 
gand the  younger,  and  Amonronz,  Civil  Engineers.  Re- 
written and  arranged,  with  additlonal.matter  and  plates, 
selections  from  and  examples  of  the  most  nsefnl  and 
generally  employed  mechanism  of  the  day.  By  William 
Johnson,  Assoc.  Inst.  C.  E.,  Editor  of  ''The  Practical 
Mechanic's  Journal.''  Illustrated  by  fifty  folio  Iteel 
plates  and  fifty  wood-cuts.    A  new  edition,  4to.,....$7.50 

Among  the  eonteats  are  z—Un^ar  Drawing^  D^/hnUiont  and  PtoUmm. 
nate  I.    ApplicationB,  DeBigns  for  inlaid  Pavements.  Oeilliigs  and 
Balooniet,  Plate  II.    Sv^pe.  Seotions  and  Moulding*,  Plate  III.    £le 
mentary  Oothio  Forais  and  Koaette««  Plate  IV.     Oralt;  ElUpies, 


FBAOTIOAIi  AKB  BOISNTIFIO  BOOKS, 

Paraboiai  and  Volutes,  Plate  V.  Rules  and  Practioal  Data.  Study  q* 
ProiectUmtt  Elementary  Principles,  Plate  VI.  Of  Prisms  and  other 
Solids,  Plate  VII.  Rules  and  Practical  Data.  On  Coloring  Sectioru,  vrtA 
ilppjiortfion*— Conventional  ColorSi  Comi>ositlon  or  Mixture  of  Colors, 
Plate  X. .  ObnMniMfkm  of  the  StuM  qf  Pn^^'Mfton^— Use  of  sectionB-«de- 
tails  of  maoMnery,  Plate  XL  Simple  appncations-^plndies,  shaftsi 
eoupUags,  wooden  patterns,  Plate  XII.  Method  of  conitriictiqg  a 
wooden  mod^  or  pattern  of  a  coupling,  Elementary  applicatiots— 
rails  and  chairs  for  railways,  Plate  XIII.  Rule*  and  Practical  Data^ 
Strength  of  material,  Resistance  to  compression  or  crushing  force, 
Tensional  Resistance,  Resistance  to  flexure.  Resistance  to  torsion, 
Friction  of  surfaces  in  contact. 

The  InrxokiECtioii  and  Dbtslopk^ht  or  SrRFiiOES,  wits  Af- 
PLXCATI0N8.— TV  Jntenection  of  Cjainden  and  Omcif  Plate  OICIV.    The 


Delineation  and  Devtiomnent  of  HeUcet^  Screwi  and  Serpentinet,  Plate 
on  of  tne  helix— the  construction  of  a  staircase,  Plate 


XV.    AppUcation 


XVI.  The  Ittterseotiott  of  surfaces— applications  to  stop-cocks,  Plate 

XVII.  Rviei and  Practical  Do/o— Steam,  Unity  of  heat,  Heating  surface, 
Calculation  of  the  dimensions  of  boUecs,  Dimensions  of  liregratet, 
Chimneys,  Sarety-valves. 

The  Study  amd  Comstuvction  or  Toothed  Gear.— Involute,  cy- 
cloid, and_ epicycloid.  Plates  XVIII^and  ZIX.    Involute,  Fig.  1,  Plate 

described 

late  XIX. 

rack  and 

pinion  In  gew,  Fig^  4,  Plate  X  VXXI.  Gearing  of  a  worm  with  a  worm- 
wheel,  Figs.  6  and  ^  Plate  XVIII.  Cylindricai  or  Spur  Gearing^  Plate 
XIX.  Practical  delineation  of  a  couple  of  Spur-wheels,  Plate  XX. 
The  Ddineation  and  Ckmetruction  </  Wooden  Pattemt  for  Toothed  WkeeU. 
Plate  XXI.  Rtdee  and  Practical  j>tffa— Toothed  gearing,  Angular  and 
circumferential  velocity  of  wheels,  Dimensions  of  gearing.  Thickness 
of  the  teeth,  Pitch  of  the  teethy  Dimensions  of  the  web,  fiuntber  and 
dimensions  of  the  arms,  wooden  patterns. 

Coktinuatioh  or  the  Stwdy  or  Toothed  Gear.— Design  for  a 
pair  of  bevel-wheels  in  gear,  Plate  XXII.  Construction  of  wooden 
patterns  for  a  pair  of  oevel-wheels,  Plate  XXIII.  Involute  and 
HeUcal  Teeth.  Plate  XXIV.  ConMvancee  for  obtaining  DiMrential 
Afovemente— The  delineation  of  eccentrics  and  cams,  Plate  XXV.  Ruke 
2nd  Practical  i)ato— Mechanical  work  of  efl^t,  The  simple  machines, 
Centre  of  gravity.  On  estimating  the  power  of  prime  movers,  Calcu- 
lation for  the  brake,  llie  fall  of  bodies,  Momentum,  Central  foMea. 

Elemertart  PRiNCXPifES  OF  SHADOWS.— SftodoiM  cf  PHmu,  Pwaf 
midt  and  Cylindert,  Plate  XXVI.  Principlet  Of  Shading,  Plate  XXVII. 
ConHnuatUm  of  the  Study  of  Shadows,  Plate  XXVIII.  Tuecan  Order, 
Plate  XXIX.  Mulee  and  Frattieal  Dolo— Pumps,  Hydrostatic  principles, 
Forcing  pumps,  UfkiD^  and  forcing  pumps,  The  Hydrostatic  press, 
Hydrostaticaf  calculations  and  data--discnarge  of  water  through  di^ 
'ferent  orifices,  Gaging  of  a  water-course  of  uniform  section  and  fall, 
Velocity  of  the  bottom  of  water-oounes.  Calculation  of  the  discharge 
of  water  through  rectangular  orifices  of  narrow  edges,  Calculation  of 
the  discharge  of  water  through  overshot  outlets.  To  determine  the 
width  of  an  overshot  outlet,  lb  determine  the  depth  of  the  outlet, 
Outlet  with  a  spout  oi  duct. 

APPUCATION  or  Shadows  to  Toothed  Gear,  Plate  XXX.  Ap- 
plication  of  Shadowi  to  Screwt.  Plate  XXXI.  AppUcation  of  Shadcme  to 
a  %pikr  and  ite  FumaCey  Plate  XXXII.  Shading  in  Blach^Shading  in 
aAr#,  Plate  XXIXIII. 

The  Ctjttiro  ahd  Shapiro  or  Masonry,  Plate  XXXIV.  Rulee 
and  Practical  I)af a— Hydraulic  motors.  Undershot  water  wheels,  with 

Klane  floats  and  a  circular  channel.  Width,  Diameter.  Velocity,  Num- 
sr  and  capacity  of  the  buckets.  Useful  effect  of  the  water  wheel. 
Overshot  water  wheels,  Water  wneels  with  radial  floats.  Water  wheel 
With  curved  buckets.  Turbines.    »«mark$  on  Ma^Uau  TooU. 
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TKfe  trvDT  or  Macrimbrt  and  SsvrcBiaa.— ▼•rloutAppUoatUmi 
and  eombiQAtloiui :  Th«  Skttching  <^  Madtinerif,  Plates  XXXV.  and 
XXXVL  DriUing  Mathim;  Moltvi  MaeMnet;  Water  wheela.  Con- 
atmction  and  tettlng  up  of  water  wheels,  DeUneatloa  of  water  wheels, 
Design  for  a  water  wheel,  Sketch  of  a  water  wheel }  OvtrfAoe  WaUr 
WMt.  Water  Pnmp§^  Plate  XXXVII.  SUam  Motort;  Hich-presture 
expansive  Bteam  engine,  Plates  XXXVITI.,  XXXIX.  and  XL.  DetalU 
•f  Construction ;  MovetnenU  of  the  Dittributlon  and  Smpantkm  Vatvti  ; 
Mules  and  Praetieal  Data— Steam  engines :  Low-pressure  condensing 
engines  without  expansion  valve,  Diameter  of  piston.  Velocities, 
Steam  pipes  and  passages,  Alr*pump  and  condenser,  Gold-water  and 
feed-pumps.  High-preBBure  expauBlve  engines.  Medium  pressure  con<« 
densing  ana  expansive  steam  englnoi  Coxucal  pendulum  or  centrifugal 
governor. 

OsuQVB  pROJccTiOMs.— Application  of  rules  to  the  delineation  of 
an  oscillating  oylioder,  Plate  aLI. 

Pakallkl  PcRSPECTivE.—Prlnolplesaad  applications,  Plate  XLS. 

TnuK  Pebspccti vs.— Elementary  prlnfOlples,  Plate  XLIXL  Appli- 
cations—flour  mill  driven  by  belts.  Plates  XLI  v.  and  XLV.  Descrip- 
tion of  the  mill,  RepreBentation  of  the  mill  In  perspective.  Notes  of 
recent  Improvements  in  flour  mlUi,  Schlele's  mill,  MulUn's  "ring  mllV- 
stone,"  Barnett'B  millBtone,  Hastie's  arrangement  for  driving  mills, 
Currie's  Improvements  In  millstones ;  Rides  and  Praetieal  Data— Work 
performed  bv  various  machines,  Flour  mills.  Saw  mlUs,  Veneer-sawing 
machines,  Circular  sawB. 

Examples  of  Finishxd  DftAWiMos  or  Macbixsbt.— Rate  A, 
Balance  water-meter;  Plate  B,  Enslneer's  shaping  machine;  Plate 
C  D  £,  Express  locomotive  engine ;  Plate  F.,  Wood  planing  machine ; 
Plate  6,  Washing  machine  for  piece  goods ;  Plate  M,  power  loom  i 
Plate  I,  Duplex  steam  boiler ;  Plate  J,  Direct-acting  mskrine  engines. 

Dkawxxo  Imstbumxmts. 

Barnard  (Henry).    National  Education  in  Eu* 
rope: 

Being  itn  Accoant  of  the  Organization,  Administratioii, 
InsimctioB,  and  Statistios  of  Pablic  Sohools  of  differ- 
ent grades  in  the  prinoipal  States.  890  pages,  Svp., 
cloth, ^ $3.00 

Barnard  (Henry).    School  Architecture. 

New  Edition,  300  cnts,  eloth, $2.00 

Beans.  A  Treatise  on  Railroad  Cures  and  the 
•    Location  of  Railroads. 

Bj  E.  W.  Beans,  G.  B.    12mo.    (In  press.) 

Bishop.    A  History  of  Ampriean  Mannfactnres, 

From  1608  to  1860 ;  exhibiting  the  Origin  and  Growth 
of  the  Principal  Mechanic  Arts  and  Manufactures,  from 
the  Sarliest  Colonial  Period  to  the  Present  Time ;  with  a 
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■        ■  II  I  1 1 1-  11     I  ^p.— ^1— ■     I    ^— ^— ^— 

Notice  of  the  Important  Inrentioiis,  TarHRi,  and  the  Re- 
sults of  each  Decennial  Censas.  By  J.  Leander  Bishop, 
M.  D, :  to  which  is  added  Notes  on  the  Principal  lilanu- 
factnring  Centres  and  Hemarkable  Mannfaotories.  By 
Sdward  Toang  and  Bdwin  1*.  Freedley.  In  two  vols., 
8to.    Vol  1  now  read/.    Price, $3.00 

Bookbinding :  A  Manual  of  die  Art  of  Book- 
binding, 

Containing  fall  instructions  in  the  different  branches  of 
Forwarding,  Gilding  and  Finishing.  Also,  the  Art  of 
Marbling  Book-edgei|  and  Paper.  By  James  B.  Nicholson. 
Illustrated.    12mo.,  oloth« $1.75 

OOVTXUSTTS.^Sketoh  of  the  mgroM  of  9ookbliidlnjt,  Sheet- 
work,  ForwartUng  the  Edges,  Bfarbllng,  Gliding  the  Edges,  Covering, 
Half  Binding,  Blank  Binding,  Boarding,  Cloth-work,  Ornamental  Art, 
Finishing,  Taste  and  Design,  Styles.  Gilding,  Illuminated  Binding. 
Blind  Tooling,  Antique,  Coloring.  Marbling,  uniform  Colors,  Gold 
Marbling,  Landsoapes,  etc..  Inlaid  Ornaments,  Harmony  of  Colors, 
Pasting  JDown,  etc.,  Stamp  or  Press-work,  Restoring  the  Bindings  of 
Old  Books,  Supplying  ImperliBotlons  in  Old  Books,  HlAts  to  Book  Col« 
leetois,  Teohnioal  Lessons. 

Booth  and   Morfit.     Tlie   Encyclopedia  of 
Chemistry,  Practical  and  Theoreticai : 

Embracing  its  application  to  the  Arts,  Metallurgy,  Mine- 
ralogy, Gtiologj,  Medicine,  and  Pharmacy,  By  J^mbs  C. 
Booth,  Helter  and  Refiner  in  the  United  States  Mini ; 
Professor  of  Applied  Chemistry  in  the  Franklin  Institute, 
etc.;  assisted  by  Gamfbbll  MoBVir,  author  of  "Chemical 
Manipulations,*'  eto«  7th  Edition.  Complete  in  one 
▼olume,  royal  ootare,  978  pages,  with  numerous  wood 
outs  and  other  illustrations, ^ ..$5.00 

From  the  rerv  Urge  number  of  articles  in  this  volume,  it  is  entirely 
impossible  to  give  a  list  of  the  Contents,  but  attention  may  be  oalled 
to  some  among  the  more  elaborate^  s^  as  Aftnily,  Alooholonetry, 
Ammonium,  Analysis,  Anttmony,  Aisenle,  Blowpipes.  Cyanogen,  Dle> 
tlUation,  £leotrioity,  Jcthyl,  Fermentation,  Iron,  Lsad  and  Water. 

Brewers  (The  Complete  Practical.) 

Or  Plain,  Concise,  and.  Accurate  Instructions  in  the  Art 
of  Brewing  Beer,  Ale,  Borter.  etc.^  etc.,  and  the  Process 
of  Making  all  the  Small  Beers.    By  M.  Lafatsitb  Btrit, 

M.  D.    With  Illustrations.    12mo $1.00 

^  Manj  an  old  brewer  will  find  in  this  book  valuable  hints  and  rag* 
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gwUoas  worthy  of  ooutdtratton,  and  the  aovloo  ma  poit  UaiMlf  u« 
in  hfti  trade  in  aU  Ite  partab"— ilf«#cm. 

Builder's  Poeket  CompuiioD: 

Containing  the  IflementB  of  Building,  SurYeiyingi  and 
Arohiteotnre ;  with  Praotioal  Raloa  and  Instniotiona  oon- 
neoted  with  the  sabjeot.  By  A.  C.  Smiatov,  Civil  Engi- 
neer, etc.    In  one  Tolnmei  13mo»,  ....^ $1.00 

OONTUNTS.— The  Builder.  Carpenter,  lolaer.  Maeon,  Plaaterer, 
Plumber,  Painter,  Smith.  Praetleal  Geometry,  Bianreyori  Cohetive 
Rtiength  of  Bodies,  Arohtleot. 

*<  It  glTet,  in  a  amall  ipaee.  the  moat  tboiough  diraotlona  to  the 
boilder,  from  the  laying  of  a  bilek|  or  the  HDlllng  of  a  tree,  up  to  the 
most  elaborate  produotion  of  ornamental  arohiteoture.  It  it  solentllley 
without  being  ooMure  and  unintelligible  y  and  every  home-oarpenter. 
maater,  Joiunieyman,  or  appienileei  ahouid  have  a  oopy  at  hand 

Byrne.    The  Handbook  for  the  Artiaui>  Me> 
ehanie,  and  Engineer, 

Containing  Inttmetions  in  Grinding  and  Sharpening  of 
Cutting  Tools,  Figuration  of  Materials  by  Abrasion,  Lapi- 
dary Work,  Qem  and.  Glass  EngraTing,  Varnishinff  and 
Laokering,  Abrasire  Processes,  eto.,  etc.  *  By  Oliyer 
Byrne.  Illastrated  with  11  large  plates  and  185  oats* 
Svo.,  oloth, 16.00 

OONTBjrT0w-Gilttdlng  Cattii«  Tools  on  the  Ofdtnary  Griad- 
itenei  Sbarpeoing  Cutting  Tools  on  the  Oilstone;  Batting  Basors) 
Qiaipenlng  Cutting  Tools  with  Artlfleialprinders ;  Produotion  of  Plane 
Surfsoes  by  Abrasion :  Produotion  of  Cyltodrieal  tuifaoes  by  Ahra^ 
sion ;  Proauetlon  of  COnioal  Suffiseea  by  Ahraalonj  Produotion  of 
^beriiBal  SurCsoea.by  Abrasion t  Glass  Cutting}  Lapidary  Work) 
tetdng,  Cutting,  and  PoUshlnff  Flat  and  Rounded  Works;  Cutting 
Fauoets ;  Lapidary  Apparatus  for  Amateurs ;  Gem  and  CHass  Bngray- 
ing)  Seal  and  Gem  Bngraviu;}  Cameo  Cutting;  daes  Engraving, 
Vanishing,  and  Laokenng;  General  Hemarks  upon  Abrasive  Pro- 
cesses ;  Dietionary  of  Apparatus ;  Materials  and  Prooesses  for  Grindbkg 
and  Polishing  commonly  employed  In  the  Mec])aanal  and  UsefUl  Arte. 

Byne*    The  Pnetieal  Metal-worker^  s  Assist- 
ast. 

For  Tin-plate  Workers,  Brasiers,  CoppersmithS|  2io»» 
plate  Ornrmenters  and  Workers,  Wire  Workers,  White- 
smiths, Blaoksmiths,  Bell  Hangers,  Jewellers,  Silver  and 
€k>ld  Smithn,  Bieotrotypers,  ^and  all  other  Workers  in 
Alloys  and  Metals.  Bdited  by  OLtraa  Btbvb.  Complete 
In  one  volume,  octavo, $7.60 

It  treats  of  Casting,  Founding,  and  Forging)  of  Tongs  and  other 
l^lsi  I><is*eM  of  Heal  and  iMnafemeBt  of  Fiiesf  Weldii^    of 
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• 

HeMling  and  SWMm  Tools  $  -of  Punehee  Mid  AnirUt ;  of  Hardening  and 
Tempering;  of  Malleable  Iron  Caatinga^  Caae  Hazdeaini^  Wrought 
and  Cast  Irons  the  Management  and  Manipulation  of  Metals  and 
Alloys,  Melting  and  Mixing :  the  Manuement  of  Furnaces,  Casting 
and  Founding  with  Metallic  M6aldSf  Joining  and  Worldng  Sheet  Metal  ( 
Peculiarities  of  the  difflerent  Tools  employed ;  Processes  dependent  on 
the  ductility  of  Metals ;  Wire  Drawing,  Drawing  Metal  Tunes,  Solder^ 
ing  *,  The  use  of  the  Blowpipe,  and  every  other  known  Metal  Worker's 
Tool; 

Bvroe.    The  Practical  Model  Calcniator, 

For  the  Engineer,  Machinist,  3iCanttfaGturer  of  Engine 
Work,  Kavsl  Architect,  Miner,  and  Millwright.  By 
Olivsb  Btbrb,  Compiler  and  Editor  of  the  Dictionary  of 
Machines,  Mechanics,  Engine  Work  and  Engineering,  and 
Author  of  TariotiB  Mathematical  and  Mechanical  Works. 
Illustrated  by  numerous  engravings.  Complete  in  one 
l^i^e  volume)  octavo,  of  nearly  six  hundred  pages,.. $3. 60 

Hie  principal  otjects  of  this  work  are:  to^ establish  model  calonlfr* 
tions  to  guide  practical  men  and  students ;  to  illustrate  every  practical 
rule  and  principle  by  numerical  oaloulations.  ststematioally  arranged ; 
to  give  information  and  data  indispensable  to  those  for  whom  it  is  in- 
tended«  thus  surpassing  in  value  any  other  book  of  its  character ;  to 
economize  the  labor  of  the  praotieal  man,  and  to  render  his  every-day 
calculations  easy  and  comprehensive.  It  will  be  found  to  be  one  of 
the  most  complete  and  valuable  practical  books  ever  published. 

GabiiLetmaker's  and  Upholsterer's  ComiKUiion, 

Compvtsiikg  the  Rudiments  and  Prinoiples  of  Cabinet- 
making  and  Upholstery,  with  Familiar  Instructions,  il- 
lustrated by  l^amples  for  attaining  a  proficiency  in  the 
Art  of  Drawing,  as  applicable  to  Cabinet  Work;  the 
processes  of  Veneering,  Inlaying,  and  Buhl  Work ;  the 
Art  of  Dyeing  and  Staining  Wood^.Bone,  Tortoise  Shell, 
etc.  Directions  for  Lackering,  Japanning,  and  Varnish- 
ing ;  to  make  French  Polish ;  to  prepare  the  best  Glues, 
Cements,  and  Compositions,  an<^  a  number  of  Beceipts 
particularly  useful  for  Workmen  generally.  By  J.  Stokbs. 
In  090  volume,  IS^o,    With  Illastratioi^, .,**  76 

"  A  larce  amount  of  practical  information,  of  great'  service  to  all' 
oonoemedf  in  those  branches  of  business."— OAio  State  JourmA 

Camition.   A  Practical  Treatise  on  Mechanieai 
EngiBeering ; 

Comprising  Metallurgy,  Mbulding^  Casting,  Forging  Tools, 
Workshop  Machinery,  Mechanical  Manipulation,  Manu- 
facture of  Steam  Engine,  etc.,  etc.  Illustrated  with  28 
plates  of  Boilers,  Steam  Engines,  Workshop  Machiaery, 
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etc.,  and  91  Wood  Engrarings  ;  with  an  Appendix  on  the 
Analysis  of  Iron  and  Iron  Ores.  By  Vranois  CampTcn, 
C.  £.,  President  .of  tta«  CivU  and  Heehanioal  Bngineei-s' 
8opiet7,  etc.     {In press,) 

Celnart.    The  Perfomert 

From  the  French  of  Madame  Celnart ;  with  additions  bj 
Professor  H.  Dnssance.     dvo.     {In  press.) 

Colbnrn.    The  Loeomotiye  Engine ; 

Inolndiug  a  Description  of  its  Strnotare,  Bnles  for  Esti- 
mating its  Capabilities,  and  Praetioal  Observations, on  its 
Construction  and  Management.  Bjr  Zbsah  Colbusk.  II- 
Instrated.    A  new  edition.     12mo, 7i 

**  It  It  tbe  nost  practical  and  generally  im|iil  work  on  tiie  Steam 
Engine  that  we  have  teen/'—JBo^fon  2Vave/cr" 

Dagnerreotypist  and  Photographer's  Companion. 

12mo.,  doth, $1.00 

Distiller  (The  Complete  Practical). 

By  M.  LarATBTTB  Bt&v,  H.l).    With  Ulastrations.  12mo. 

$1.00 

"  8o  slmpllHed.  that  It  it  adapted  not  only  to  tbe  uae  of  extenalve 
XMatUiera,  Dut  for  every  Xarmer,  or  others  who  may  want  to  engage  in 
I>iatllllng.*'— AmiMT  of  tks  Union. 

Dnssance.    Practical  Treatise 

Os  TBB  Fabrication  of  Matches,  Gok  Cottok,  akd  Fulmi- 
KATiRO  PowDXBS.     B7  ProL  H.  DussatLoe.    (In  press.) 

OO^T'ENTB.— PhoipKorus. —HIMoTy  of  Phoaphorue  ;  Physical 
Properties ;  Chemical  Propertlei ;  Natural  State :  Preparation  of 
White  Phosphorus ;  Amorphous  Riosphorus.  and  Benoxide  of  Lead. 
jra^cA««.— Preparation  of  Wooden  Matches ;  Matches  inflammable  by 
rubbing,  without  noise ;  Common  Luclier  Matches :  Matches  without 
Phosphorus;  Candle  Matches;  Matches  with  Amorphous  Phospho- 
rus V  Matches  and  Rubbers  without  Phosphorus.  Gun  Cotton.— FroDet' 
ties :  Preparation ;  Paper  Powder ;  use  of  Cotton  and  Paper  Powders 
for  Fulminating  Primers,  etc.;  Preparation  of  Fulminating  Primers, 
etc.,  etc. 

Dussance.    Chemical  Receipt  Book: 

A  General  Formalarj  for  the  Fabrication  of  Leading 
Chemicalfl,  and  their  Application  to  the  Arts,  Uanufao- 
tnres,  Metallurgy,  and  Agridalturo.  By  Prof.  H.  Das- 
gaaoe.     Cin  press.) 

1 
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DTEISa,  OALIOO  PBDrTIVO,  OOL0B8,  OOTTOH  aPH- 
inra,  AID  WOOLEI  XAHUFAOTDIE. 

Baird.    The  Ameriean  Cotton  Spinner,  and 
Manager's  and  Garder'«  Goide: 

A  Praotlo&l  Treatise  on  Cotton  Spinning ;  giving  the  Di- 
mensions and  Speed  of  Maohinerj,  Draught  and  Twist 
CaloulationBy  eto.;  with  Notices  of  recent  ImproT^ments  : 
together  with  RnleA  and  Bzamples  for  making  changes 
in  the  sises  and  nnmben  of  Roving  and  Tarn.  Oom- 
piled  fh>m  the  papers  of  the  late  Rohert  H.  Baird. 
13mo ^ .♦1.26 

Capron  De  Me.    Dassanee.    Blues  and  Car> 
mines  of  Indigo: 

A  Practical  Treatise  on  the  Fabrleation  of  erery  Gommer 
cial  Product  derived  from  Indigo.    Bj  Feliden  Capron 
de  Dole.     Translated,  with  important  additions,  hy  Pro- 
fessor H.  Dnssance.    12mo • $2.00 

Chemistry  Applied  to  Dyeing. 

By  James  Napier,  F.  C.  S.    lUastrated.    12mo. $2.00 

OO'SfT'BlSlTB, ^General  PrvperiiM  ^  JToeter.— Heat,  Light,  El^ 
ments  of  Matter,  Chemioal  Afflnitv.  Non'MdatUe  StAtUtnees.^^ii'mik^ 
Hydrogen,  Nitrogen,  Chlorine,  Sulphur,  Selenium.  Phosphorus,  Iodine, 
Bromine,  Fluorine,  SUlcum,  Boron,  Carhen.  mtallie  iSMAftaneet.— 
General  Properties  of  Metals,  Potassium,  Sodium,  Llthlutn,  Soap, 
Barium.  Strontium,  Calcium,  Magnesium,  Alminum,  Manganese,  Iron, 
Cobalt.  Nlokel,  2Sbie,  Cadmium,  Copper,  tead.  Bismuth,  Tin,  Titanium, 
Chromium,  Vanadium,  Tungstenum  or  Wolfram.  Molybdenum,  Telia- 
rlum,  Arsenic.  Antimony,  iJranium,  Cerium.  Merouiy.  Silver,  Gk>ld, 
Platinum,  Paliadlttm,  Iridium,  Osmium,  Rhodnim,  Lantnanlum.  Mot> 
daiUt.— Red  Spirits,  Barwood  Spirits,  Plumb  Spirits,  Yellow  Spirits, 
Nitrate  of  Iron,  Acetate  of  Alumina^^laek  Iron  Liquor,  Iron  and  Tin 
for  Royal  Blues,  Acetate  of  Copper.  TeffttdbU  MatUrt  una  in  Dyeing.—' 
Galls,  Sumach,  Catechu,  Indigo,  Logwood.  Brasil-woods,  Sandai-wood, 
Barwood,  Camwood,  Fustic,  xoung  Fustic.  Bark  or  Quercitron,  Fla- 
vine,  Weld  or  Wold.  Turmeric,  Persian  Berries,  Samower,  Madder, 
Mui^eet,  Annota,  Alkanet  Root,  Archil.  Prmtei  New  VegdabU 
DyM.— Soorai^Jee,  Carsjuru.  Wongshy,  Aloes,  Plttacal,  Barbary  Root. 
AnimtU  MatUrt  uMd  in  X^yttny.— Cochineal,  Lake  or  Lao,  Kerms. 

This  will  be  found  one  of  the  most  valuable  books  on  the  sultfeet  of 
dyeing,  ever  published  in  this  country. 

Dussaaee.    Treatise  on -the  Goiorini^  Mitters 
Derived  from  Ceal  Tar; 

Their  PfMtloal  ipplioation  in  Djreing  Cotton,  Wool,  Md 
'8 
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Silk  ;  tb«  Prinoiplei  of  the  Art  of  D/eing  and  of  the  Dis- 
tillation of  Coal  Tar ;  with  a  Description  of  the  most  Im- 
portant New  Dyes  now  in  ose.  By  ^ofessor  H.  Dos- 
sanoe.  Chemist.    12mo $2.50 

CONTBIOrTS.— Historioal  Notice  of  the  Art  of  Dyetng^Chemical 
Prindplet  of  the  Art  of  Dyelns— PreUmlnary  Preparation  of  Stuffk— 
Mordante— Dyelng^On  the  Coloring  Matten  produced  by  Coal  Tar— 
Distillation  of  Coal  Tar-History  of  Aniline— Properties  of  Aniline— 
Ffeparation  of  Aniline  directly  from  Coal  TW— Aixiflclal  Preparation 
of  Aniline— Preparation  of  Benzole— Properties  of  Bensole— Prepara- 
tion of  Nltro-Benzole— Transformation  of  Nitro-Beniole  into  Aniline, 
by  means  of  Sulphide  of  Ammonium  (  bj  Nascent  Hydrogen :  by  Ace- 
tate of  Iron}  and  by  Arsenlte  of  Potaan— Properties  of  the  Bl-Mltro- 
Benzole— Aniline  Purple— yioIine—Roseine—Cmeraldlne— Bleu  de 
Paris—Futachine,  or  Magenta— Coloring  Matters  obtained  by  other 

~ir-Nltroso-PhenyUne-IH  Nitro-AniUne— Nitre- 


baaee  from  Coal  Tar— 1 

Phenyllne— Picric  Acid— Rosolio  Aoid^Quinoline— Napthallne  Colors 
— Chloroxynaphthallc  and  PerchloroxynapthaUe  Ados— Carmlnap^ 
the— Ninaphthalamlne— Nltrosonaphthaline— Naphthameln— Tar  Red 
—Azttllne— Application  of  Coal  Tar  Colors  to  the  Art  of  Dyeing  and 
Calico  Printing— Action  of  Light  on  Coloring  Matters  from  Com  Tar 
—Latest  ImproTements  In  the  Art  of  Dyeing— Chrysammlo  Add— M<h 
lybdlo  and  Picric  Acids— Extract  of  Madder— Theory  of  the  FixatiOB 
of  Coloring  Matters  in  Dyeing  and  Printing— Principles  of  the  Actloa 
of  the  most  important  Mordants— Aluminous  Mordants— Ferruglnoos 
Mordants— Stanniferous  Mordants— Artificial  Alisarin— Metallic  Hy^ 
posulphltes  as  Mordants— Dyer's  Soap— Preparation  of  Indim  for  Dy^ 
Ing  and  Printing— HdatlTe  value  of  Indigo— Chinese  Green  nurezioe. 

Dyer  and  Golor-maker's  Companion: 

Containing  upwards  of  two  hundred  Receipts  for  making 
Colors,  on  the  most  approved  principles,  for  all  the 
▼arions  styles  and  fabrics  now  in  existence ;  with  the 
Scouring  Process,  and  plain  Directions  for  Preparing, 
Washing-off,  and  Finishing  the  Goods.  Second  edition. 
In  one  Tolume,  12mo 75 


French  Dyer,  (The) : 


Comprising  the  Art  of  Dyeing  in  Woolen,  Silk,  Cotton, 
etc.,  etc.  By  M.  M.  Riffaolt,  Yemaud,  De  Fontenelle, 
Thillaye,  and  Mallepeyre.     {Inpreu.) 

LoTe.    The  Art  of  Dyeing,  Cleaning,  Sconringi 
and  Finishing, 

Ok  thb  Most  Approybd  Evolish  akd  Frbvch  Hbthoob; 
being  Practical  Instructions  in  Dyeing  Silks,  Woolens 
and  Cottons,  Feathers,  Chips,  Straw,  etc.,  Scouring  and 
Cleaning  Bed  and  Window  Curtains,  Carpets,  Rugs,  etc., 
French  and  English  Cleaning,  any  Color  or  Fabric  of 
Silk,  Satin,  or  Damask.     By  Thomas  Love,  a  working 

Dyer  and  Scourer.     In  one  Tolume,  12mo ...$3.00 
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O'Neill.    Chemistry  of  Calico  Printing,  Dye- 
ing, and  Bleaching ; 

Inolnding  Silken,  Woolen,  and  Mixed  Goods ;  Practical 
and  Theoretical.    B/  Charles  O^Keill.    (Inprea.) 

O'Neill.    A  Dictionary  of  Calico  Printing  and 
Dyeing. 

By  Charles  O^NelU.     (In  prea.) 

Scott.    The  Practical  Cotton-spinner  and  Man* 
nfactarer ; 

Ob,  Tbs  Makaoxb  akd  OvsbiiOokbb's  Compakiov.  This 
work  contains  a  Comprehensive  System  of  Calculations 
for  Mill  Gearing  and  Machinery,  from  the  first  Moving 
Power,  through  the  different  processes  of  Carding,  Draw- 
ing, Slabbing,  Roving,  Spinning,  and  Weaving,  adapted 
to  Americui  Machinerj,  Practice  and  Usages.  Compen- 
dious Tables  of  Tarns  and  Reeds  are  added.  Illustrated 
by  large  Working-Drawings  of  the  most  approved  Ameri- 
can Cotton  Machinery.  Complete  in  one  volume,  oc- 
tavo  $3.50 

Thit  edition  of  Seott'i  Cotton-Spinner,  by  Oliver  Byrne,  1b  designed 
for  the  Amerioan  Overatlve.  It  will  be  round  intensely  prsotloal,  and 
will  be  of  the  greatest  possible  value  to  the  Manager,  Overseer,  and 
Workman. 

Sellers.    The  Color-mixer. 

By  John  Sellers,  an  Experienced  Practical  Workman. 
To  which  is  added  a  Catechisic  op  Chemistbt.  In  one 
volume,  12mo.     (Inpr€$8,) 

Smith.    The  Dyer's  Instructor; 

Comprisling  Practical  Instructions  in  the  Art  of  Dyeing 
Bilk,  Cotton,  Wool  and  Worsted,  and  Woolen  Goods,  as 
Single  and  Two-colored  Damasks,  Moreens,  Camlets, 
Lastings,  Shot  Cobourgs,  Silk  Striped  Orleans,  Plain  Or- 
leans, from  White  and  Colored  Warps,  Merinos,  Woolens, 
Tarns,  etc.;  containing  nearly  eight  hundred  Receipts. 
To  which  is  added  a  Treatise  on  the  Art  of  Padding,  and 
the  Printing  of  Silk  Warps,  Skeins  and  Handkerchiefs, 
and  the  various  Mordants  and  Colors  for  the  different 
10 
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wijlw  of  nvLch  work.    By  David  Smith,  Pattern  Dyer. 
A  new  edition,  in  one  Yolnme,  12mo $3.00 


OOWTJBNTS.— Wool  Dreinip,  60  reoeipts— Cotton  Dyeing,  68 
eelptt— Silk  Dyeing,  00  receipts^ Woolen  yarn  Dyeing,  W  reeelpte— 
Wonted  Yam  Dyeing,  61  receipts^ Woolen  Dyeing,  flS  reoelpti~>Di^ 
maak  Dyeing,  40  reeeipte— Moreen  Dveing,  68  reoeipte— TwoK^lored 
Damatk  Dyeing,  21  reoelpta— <^amlet  Dyeing,  86  leoelpta— r*it.lng  Dr^ 
lag,  26  reoelpti—Shot  Cobounr  Dyeing.  16  reoelpte--Stlk  Striped  Oi^ 
leant,  from  Black,  White,  ana  Colored  Wazpt,  26  reoelpts-K>olored 
Orleans,  from  Black  Warpe,  16  reeelpte— Colored  Orleans  and  Oo- 
bourgt.  from  White  Warpa,  27  reoelpta— Colored  Merino!,  41  reoeipta 
—Woolen  Shawl  Dyeing.  16  receipt*— Padding,  4S  reoelpta--SUk  Warp, 
Skein,  and  Handkerchief  Printing,  68  reoelpte— Nature  and  Use  of  Dye- 
waret,  including  Alum,  Annotte,  Archil,  Ammonia,  Argol,  Super 
ArgeL  Camwood,  Catechu,  Cochineal,  Chrome,  or  Biouomate  of  rot* 
ath,  Cudbear,  Chemic,  or  Sulphate  of  Indigo.  Freneh  Berry,  or  Pertian 
Berry,  Fuatio  or  Toung  Fustic,  Galls,  Indigo,  Kermes  ot  Lac  Dre, 
Logwood,  Madder,  Nitric  Acid  or  Aqua  For&a,  Nitrates.  Oxallo  Tin, 
Peachwood,  Prusftlate  of  Potash,  Quercitron  Bark,  Safflower,  Saun- 
ders or  Red  Sandal,  Sapan  Wood,  Sumach,  Turmeric,  Examination  of 
Water  by  Tests,  etc.,  etc 

ToDStain.   A  Practical  Treatise  on  the  Woolen 
Mannfoctnre. 

From  th«  French  of  M.  Toastain.    (/«  pr*m.) 

» 

Ulrich.    Dnssanee.    A  Complete  Treatise 

On  THE  ABT  of  DTSING  COTTOIT  AVD  WoOL,  AS  PSACTI6BD  IV 

Fabis,  Roubb,  Mclhodsb  ahd  Gbbkabt.  From  the  French 
of  M>  Louis  Ulrich,  a  Practical  Dyer  in  the  principal 
Hannfactoriee  of  Paris,  RoueOi  Hiilhoa6e,  etc.,  etc. ;  to 
which  are  added  the  moet  important  Receipts  for  Dyeing 
Wool,  a6  practised  in  the  Mannfactore  Imperiale  de6 
Qobellns,  Paris.  By  Professor  H.  Da6saao«.   12mo..t3,00 

OOWTENTS,- 

Rouen  Dyes,  106  Ileceiptf. 

Alsace      «     S6S  *« 

German     <<     106  ** 

Mulhouse  **      79  *( 

Parisian    <«       66  <* 

Gobelins    •<     100  « 
In  all  nearly  106  Beeeipts. 


s   I    ^    I  > 


Easton.    A  Practical  Treatise  on  Street  or 
Horse-power  Railways; 

Their  Location,  Cons  traction  and  Management;  with 
general  Plane  and  Rnles  for  their  Organisation  and  Ope- 
ration ;  together  with  Bzaminatione  as  to  their  Compara- 
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tiro  AdTintagei  orer  the  Omnibui  BjBUm,  ind  Inquiries 
as  to  their  value  for  InTestment ;  inoluding  Copies  of 
Hnnicipal  Ordinances  relating  thereto.  By  Alexander 
Baston,  C.  B.  Illastrated  hj  twentj-three  plates,  Sto., 
eloth. #2.00 

EiamiDations  of  Drugs,  Medicines,  Chemicals, 
etc., 

As  to  their  Parity  and  Adulterations.  By  C.  H.  Peiroe, 
M.  D.     12mo.,  oloth $2.00 

Fisher's  Photogenic  Manipulation. 

16mo.,  oloth 62 

Gas  and  Ventilation; 

A  Practical  Treatise  on  Gas  and  Ventilation.  By  E.  B. 
Perkins.    12mo.,  oloth • •. 75 

Gilbart.    A  Practical  Treatise  on  Banking. 

By  James  William  Gilbart,  F.  R.  S.  A  new  enlarged  and 
improved  edition.  Bdited  hy  J.  Smith  Homans,  editor 
of  **  Banker's  ICagasine."  To  which  is  added  <*  Monej,'* 
hy  H.  C.  Carej.    8vo $3.00 

Gregory's  Mathematics  for  Practical  Men; 

Adapted  to  the  Pursuits  of  Surreyors,  Architects,  Me- 
chanics and  Ciyil  Bngineers.    8to.,  plates,  cloth. ..$1.50 

Hardwich.    A  Mannal  of  Photographic  Cheui- 
istrj; 

Including  the  practice  of  the  Collodion  Process.  By  J. 
F.  Hardwich.    (/nj^rsM.) 

Hay.    The  Interior  Decorator; 

The  Laws  of  Harmonious  Coloring  adapted  to  Interior 
Decorations ;  with  a  Praotical  Treatise  on  House  Paint- 
ing. By  D.  B.  Hay,  House  Painter  and  Decorator.  D- 
Instrated  hy  a  Diagram  of  the  Primary,  Secondary  and 
Tertiary  Colors.  12mo.  {Inpreu.) 
12 
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InTentor's  Guide— Patent  Office  and  Patent 
Laws: 

Or,  a  GHlide  to  Inrenton,  and  a  Book  of  Reference  f<^r 
JndgeB,  Lawyers,  Magistrates,  and  others.  By  J.  O. 
Hoore.    12mo.,  oloth ll.QO 

Jervis.    Railway  Property.    A  Treatise 

Os  THi  CoKSTBircTiov  Aiii)  Masaobmbxt  OF  RAILWAYS ;  de- 
signed to  afford  nsefnl  knowledge,  in  the  popular  style, 
to  the  holders  of  this  class  of  property ;  as  well  as  Rail- 
way Managers,  Officers  and  Agents.  By  John  B.  Jervis, 
late  Chief  Bngineer  of  th^  Hudson  Riyer  Railroad,  Cro- 
ton  Aqueduct,  etc.    One  Tolume,  12mo.,  cloth $1.50 ' 

OOirrXirTS.  —  PreCioe  » Intxoduetton.  OonttnicUpn, — Introdne- 
torr— Land  and  Land  Damages— Loeation  of  line— Method  of  Buiinets 
—Grading— Bridget  and  Cnlverta— Road  CroMinga— Ballasting  Track- 
Cross  Steepen— Chain  and  toikea— Rails— Station  Bulldlngi— Looo- 
motives,  Coaches  and  Can.  CteerafliMr.— Introductory— Freight— Pas- 
sengers^Engine  IMvers— Bepain  to  Track- Repain  of  Maohinerr— 
CiTil  Engineer— Superintendent— Supplies  of  Material— Becelptt-Iiii- 
bunementt — Statittios — Running  Trains — Competition — Financial 
Management— General  Remarks. 

Johnson.   The  Coal  Trade  of  British  Ameriea; 

With  Researches  on  the  Characters  and  Practical  Values 
of  American  and  Foreign  Coals.  By  Walter  R.  Johnson, 
CiTil  and  llining  Bngineer  and  Chemist.    Sro $2.00 

This  volume  oontaint  the  refultt  of  the  experiments  made  for  the 
Nary  Department,  upon  which  their  Coal  oontraots  are  now  based. 

Johnston.    Instrnctions  for  the  Analysis  of 
SoilSf  Limestones  and  Manores. 

By  J.  F.  W.  Johnston.    12mo S8 

Larkin.    The  Practical  Brass  and  Iron  Found* 
er's  Guide; 

A  Concise  Treatise  on  the  Art  of  Brass  Founding,  Monld- 
ing,  etc.    By  James  Larkin.    12mo.,  cloth $1.00 

Leslie's  (Miss)  Complete  Cookery; 

Directions  for  0ookery  in  its  Various  Branches.  By  Miss 
Leslie.  58th  thousand.  Thoroughly  revised ;  with  the 
addition  of  New  Receipts.    In  one  Tolume,  12mo.,  half 

bound,  or  in  sheep $1.00 
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Ledie's  (Miss)  Ladies'  Honse  Book; 

A  Manual  of  Domestio  Beonomy.  20th  reTiied  aditioiA 
12mo.,  ih««p 1)1.00 

Leslie's  (Miss)  Two  Hnndred  Aeeeipts  iD 
Frencii  Cookery. 

Cloth,  12mo 25 

Lieber.    Assayer's  Guide; 

Or,  Practioal  Directions  to  AsBayers,  Miners  and  Smelters, 
for  tke  Tests  and  Assays,  by  Heat  and  by  Wet  Prooesses, 
of  the  Ores  of  all  the  principal  Metals,  and  of  Gold  and 
Silrer  Coins  and  Alloys.  By  Oscar  M.  Lieber,  late  Geolo- 
gist to  the  Btate  of  Mississippi.  12mo.  With  illnstra- 
tlons 75 

"Among  the  indispensable  works  for  this  purpoM,  is  this  little 
gulde."^JHisafi. 

Lowig.    Principles  of  Oiganic  and  Fhysiologi- 
eal  Chemistiy. 

By  Dr.  Carl  Lowig,  Doctor  of  Medicine  and  Philosophy ; 
Ordinary  Professor  of  Chemistry  in  the  University  of 
Zvirioh ;  Anthor  of  '*  Chemie  des  Organisohen  YerbindTin 
gen.*'  Translated  by  Daniel  Breed,  M.  D.,  of  the  U.  S. 
Patent  Office ;  late  of  the  Laboratory  of  Liebig  and  Lowig. 
8vo.,  sheep $3.50 

Marble  Worker's  Manual; 

Containing  Practical  Information  respecting  Marbles  in 
general,  their  Cutting,  Working  and  PolisUng,  Veneer- 
ing, etc.,  etc.    12mo.,  cloth $1.00 

Miles.    A  Plain  Treatise  on  Horse-shoeing. 

With  ninstrations.  By  William  Miles,  Anthor  of  <*  The 
Horse's  Foot. * ' .• 76 

Morfit.    The  Arts  of  Tanning,  Currying  and 
Leather  Dressing. 

Theoretically  and  Practically  Considered  in  all  their  De- 
tails ;  being  a  Full  and  Comprehensive  Treatise  on  the 
14 
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•  Manufacture  of  the  Various  Einda  of  Leather.  Illus- 
trated b7  orer  two  hundred  Engravings.  Edited  from  the 
French  of  De  Fontenelle  and  Malapeyere.  With  nu- 
merous Emendations  and  Additions,  bjr  Campbell  Morfit, 
Practical  and  Analjtloal  Chemist.  Complete  in  one  vol- 
*ume,  ootaro $10.00 

This  important  l^^atiae  will  be  found  to  cover  the  whole  field  in 
the  most  matterly  manner,  and  it  is  believed  that  in  no  other  brunch 
of  applied  Bcienoe  could  mora  tlgnal  aervloe  be  rendered  to  Amerlcfln 
Manuiaoturet. 

The  publisher  it  not  aware  that  in  any  other  work  heretofore  Issued 
in  thit  country,  more  space  has  been  devoted  to  this  subject  than  a 
single  chapter ;  and  in  oflffering  this  volume  to  so  larve  and  Intelligent 
a  class  as  American  Tannera  and  Leather  Dressers,  he  feels  confluent 
of  their  substantial  support  and  encouragement. 

CONTHNTS.— Introduction— Dignity  of  Labor— Tan  and  Tfinnin 
—Gallic  Acid— Extractive-Tanning  Materials— Oak  Barks— Barking 
of  Trees— Method  of  Estimating  the  Tanning  Power  of  Astringent 
Substances— Tan— The  Structure  and  CompoRltion  of  Skin— Different 
Kinds  of  Skin  suitable  for  Tanning— Preliminary  Treatment  of  Skins 
—Tanning  Process — Improved  Processes — Vauquelln's  Process— Ac- 
celerating Processes— Keasley's,  Trumbull's,  Hibbard's.  and  Leprieur's 
Processes— Tanning  vrith  Extraot  of  Oak-Bark— Hemlock  Tanning— 
With  Myrtle  Plant— English  Harness  Leather— Calf  Skins— Goat  and 
Sheep  Skin»— Horse  Hlaes— Buck.  Wolf  and  Dog  Skins— Buffklo,  or 
**  Grecian"  Leather— Russia  Leather— Red  Skins— Wallachia  Leather 
—Mineral  Tanning— Texture  and  Quality  of  Leather,  and  the  means 
of  Discovering  its  Defeots—Tawing— Hungary  Leather— Oiled  Leather 
— Tannii]^  as  practised  by  the  Mongol  Tartars— Shagreen— Parchment 
—Leather  Bottles— Tanning  of  Cordage  and  Sail  Cloth— Glazed  or 
*<  Patent"  Leather— Helverson's  Process  for  Rendering  Hides  Hard 
and  Transparent— Currjrlng— Currying  of  Calf  Skins— Currying  of 
Goat  Skins— Red  Leather— Fair  Leather— Water  Proof  Dressing- 
Perkins'  Machine  for  Pommelling  and  Graining  Leather— Splitting, 
Shaving,  Fleshing  and  Cleansing  Machines— Embossing  of  Leather- 
Gut  Dressing. 
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Morfit.    A  Treatise  on  Chemistry 

Applied  to  thb  MAmrFAcruBB  op  Soap  and  Candles  ;  being 
a  Thorongh  Exposition,  in  all  their  Minutiae,  of  the  prin- 
ciples and  Practice  of  the  Trade,  based  upon  the  nfrost 
recent  Disooyeries  in  Science  and  Art.  By  Campbell 
Uorilt,  Professor  of  Analjtioal  and  Applied  Chemistry  in 
the  University  of  Maryland.  A  new  and  improved  edi- 
tion. Illustrated  with  260  Engravings  on  Wood.  Com- 
plete in  one  Tolume,  large  8yo $6.00 

OONTISK'TS.— CHAPTER  L  The  History  of  the  Art  and  its  Rela- 
tions to  Science— II.  Chemical  Combination— III.  Alkalies  and  Alka- 
line Earths— IV.  Alkallmentary- V.  Acids— VI.  Origin  and  Composi- 
tion of  Fat^  Matters— VII.  Saponlflable  Fats— Vegetable  FXts— Ani- 
mal Fats— waxes— VIII.  Action  of  Heat  and  Mineral  Acids  of  Fatty 
Matters— IX.  Volatile  or  Essential  Oils,  and  Resins— X.  The  Proxi- 
mate Principles  of  Fats— Their  Composition  and  Properties— Basic 
Constituents  of  Fats— XI.  Theory  of  Saponification— XII.  Utensils 
Requisite  for  a  Soap  Factory- XIII.  Preparatory  Manipulations  in 
the  Process  of  Making  Soap— Preparation  of  the  Lyes— XIV.  Hard 
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Soap*— XV.  Soft  Softpt— XVI  Boapi  by  the  Gold  ProoeM— XVII.  SUi* 
cAted  SoAps— XVIIL  Toilet  Soaps^XIX.  patent  Soapt— XX.  Fraud 
and  Adulteratiom  In  the  Manufacture  of  Soap— XXI.  Candlee— XXII. 
niomination— XXIII.  Phlloiophy  of  Flame— XXIV.  Raw  Material 
for  Candlei— Purification  and  Bleaching  of  Suet— XXV.  Wicks— XX  VL 
Dipped  Candles— XXVII.  Moulded  Candles— XX  VIII.  Stearin  Candles 
—XXIX.  Stearic  Acid  Candles—"  Star'*  or  "  Adamantine"  Candles— 
Saponification  by  Lime— Saponification  by  lime  and  Sulphurous  Aeijl 
—Saponification  by  Sulphuric  Acid— Saponification  by  the  combined 
action  of  Heat,  Pressure  and  Steam— XXX.  Spermaceti  Candles— 
XXXI.^Wax  Candles— XXXII.  Composite  Candles— XXXIII.  ParaifiA 
— XXJnV.  Patent  Candles— XXXV.  Hydrometers  and  Thermometers. 

Mortimer.    Pyroteehnist's  Companion; 

Or,  a  Familiar  System  of  ,Fire- works.  By  O.  W.  Morti- 
mer.    Illustrated  by  numerous  Bngravings.     12mo...  75 

Napier.    Manual  of  £iectro-MetaIlui^ ; 

Including  the  ApplSoation  of  the  Art  to  Manufacturing 
Processes.  B7  James  Napier.  From  the  second  London 
edition,  revised  and  enlarged.  Illustrated  by  Engrar- 
ings.    In  one  Tolume,  12mo $1.50 

Napier's  Electro-Metalluivv  is  generally  regarded  as  the  rery  best 
raotioal  Treatise  on  the  Subfeot  in  the  Enclish  ~ 


Praotioal  Treatise  on  the  Suqfeot  in  the  English  Language. 

OONTX  VT8.— History  of  the  Art  of  Eleetro-Metallurgi 
tion  of  Oalvanlo  Batteries, jind  their  respeetive  Peeuliaritles— Ele'o- 


OONTXH'TS.— History  of  the  Art  of  Eleetro-Metallurgy- Descrip* 

ipeetive  Peeuliant 
trotype  Processes— Miscellaneous  Applications  of  the  Process  of  Coat- 


ing with  Copper— Bronzing— Decomposition  of  Metals  upon  one 
another— Eleotro-Plating-sEleotro-Gilding— Results  of  Experiments 
on  the  Deposition  of  other  Metals  as  Coatings,  Theoretical  Observa- 
tions. 

Norris's  Hand-^ook  for  Locomotive  Engineers 
and  Macniniste; 

Comprising  the  Calculations  for  Constructing  Looomo- 
tiyes,  Manner  of  setting  Valves,  etc.,  etc.  By  Septimus 
Norris,  Civil  and  Mechanical  Bngineer.  In  one  volume. 
12mo.,  with  Illustrations , $1.50 

**  With  pleasure  do  we  meet  with  suoh  a  work  as  Messrs.  Norris 
and  Baird  have  given  tu."—Artizan. 

"  In  this  work  he  has  given  us  what  are  called  *the  seerets  of  the 
business/  in  the  rules  to  construct  looomotiyes,  in  order  that  the  mil* 
lion  should  be  learned  in  aU  things."— &ienf^  Amtricau. 

NystFom.   A  Treatise  on  Screw^Propellers  and 
their  Steam.Engine8; 

With  Practical  Rules  and  Examples  by  which  to  Calcu- 
late and  Construct  the  same  for  any  description  of  Ves- 
sels. By  J,  W.  Nystrom.  Illustrated  by  over  thirty 
Urge  Working  Drawings.  In  one  volume,  octavo ...|3. 50 
16  ft 
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Ovennan.    The  MaBufactnre  of  Iron  in  all  it^ 
Various  Branches; 

To  which  is  added  an  Essay  on  the  Manufacture  of  Steel. 
By  Frederick  Overman,  Mining  Engineer.  With  one 
hundred  and  fifty  Wood  Engravings.  Third  edition.  In 
one  volume,  octavo,  five  hundred  pages $6.00 

"  We  have  noMr  to  announce  the  appearance  of  another  valuable 
work  on  the  sutgect,  which,  in  our  humble  opinion,  supplies  any  defi- 
ciency which  late  improvements  .-^nd  discoveries  may  have  caused. 
(Irom  the  lapse  of  time  since  the  date  of  '  Mushet'  and  *  Schrlvenor.* 
It  is  the  production  of  one  of  our  Trans- Atlantic  brethren,  Mr.  Fred- 
erick Overman,  Mining  Engineer ;  and  we  do  not  hesitate  to  set  it 
down  as  a  work  of  great  importance  to  all  connected  with  the  iron  in* 
terests :  one  which,  while  it  is  sufficiently  technological  fully  to  ex- 
lilain  cnemical  analysis,  and  the  various  phenomena  of  Iron  under 
different  ciroumstances,  to  the  satisfaction  of  the  most  fastidious,  is 
written  in  that  clear  and  comprehensive  style  as  to  be  available  to  The 
capacity  of  the  humblest  mind,  and  consequently  will  be  of  much  ad- 
vantage to  those  works  where  the  proprietors  may  see  the  desirability 
of  placing  It  in  the  hands  of  their  operatives.''— Lomlon  Mining 
Journal. 

Painter,  Gilder  and  Yamisher's  Companion; 

Containing  Rules  and  Regulations  in  every  thing  relating 
to  the  Arts  of  Painting,  Gilding,  Varnishing  and  Glass 
Staining ;  with  numerous  useful  and  valuable  Receipts  ; 
Tests  for  the  detection  of  Adulterations  in  Oils  and 
Colors  ;  and  a  statement  of  the  Diseases  and  Aooidents  to 
which  Painters,  Gilders  and  Varnishers  are  particularly 
liable,  with  the  simplest  methods  of  Prevention  and 
Remedy.  Eighth  edition.  To  which  are  added  Complete 
Instructions  in  Graining,  Marbling,  Sign  Writing,  and 
Gilding  on  Glass.     12mo.,  cloth 76 

Paper-Hanger's  (The)  Companion; 

In  which  the  Practical  Operations  of  the  Trade  are  sys- 
tematically laid  down ;  with  copious  Directions  Prepara- 
tory to  Papering  ;  Preventions  against  the  effect  of  Damp 
in  Walls ;  the  various  Cements  and  Pastes  adapted  to 
the  several  purposes  of  the  Trade  ;  Observations  and  Di- 
rections for  the  Panelling  and  Ornamenting  of  Rooms, 
etc.,  etc.  By  James  Arrowsmlth.  In  one  volume, 
12mo 75 

Practical  (The)  Snn^eyors  Guide; 

Containing  the  necessary  information  to  make  any  per- 
son of  common  oapaoity  a  finished  Land  Survevor,  with- 
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ont  tlie  aid  pf  a  Teacher.  Br  Andrew  Dnnoaiii  Land 
Surveyor  and  Civil  Engineer.    T.2mo 76 

Having  had  an  experience  as  a  Practical  Surveyor,  etc.,  of  thirty 
vears.  it  Is  believed  that  the  autlior  of  this  volume  possesses  a  thorough 
knowledge  of  the  wants  of  the  profession  ;  and  never  having  met  with 
any  work  sufficiently  concise  and  instructive  in  the  several  details 
neoesBAry  for  the  proper  qualification  of  the  Surveyor,  it  has  been  his 
object  to  supply  that  want.  Among  other  important  matters  in  the 
book,  will  be  found  the  following : 

Instructions  in  levelling  and  profiling,  with  a  new  and  speedy  plan 
of  setting  grades  on  rail  and  plank  roads— the  method  of  inflecting 
curves — the  description  and  design  of  a  new  instrument,  whereby  dis- 
tances are  found  at  once,  without  any  calculation— a  new  method  of 
surveying  anv  tract  of  land  by  measuring  one  line  through  it— a  geo- 
metrical method  of  correcting  surveys  taken  with  the  compass,  to  fit 
them  'for  calculation— a  short  methoa  of  finding  the  angles  from  the 
courses,  and  vice  versor-the  method  of  surveying  with  the  compasa 
through  any  mine  or  iron  works,  and  to  correct  the  deflections  ot  the 
needle  by  attraction— description  of  an  instrument  by  the  help  of 
which  any  one  may  measure  a  map  by  inspection,  without  calculation 
—a  new  and  short  method  of  calculation,  wherein  fewer  figures  are 
used— the  method  of  correcting  the  diurnal  variation  of  the  needle 
—various  m^hods  of  plotting  and  embellishing  maps— the  most  cor- 
rect method  of  laying  off  plots  with  the  pole,  etc.— description  of  a 
new  compass  contrived  by  the  author,  etc.,  etc. 

Railroad  Engineer's  Pocket  Companion  for  tlie 
Field. 

By  W.  Griswold.    12mo.,  taoks 11.00 

Biddeil.    Tlie  Elements  of  Hand-Railing; 

Being  the  most  Complete  and  Original  Exposition  of  this 
Branch  of  Carpentry  that  has  appeared.  By  Robert 
Riddell.  Third  edition.  Enlarged  and  improved.  Il- 
lustrated by  22  large  plates.    4to.,  cloth....*. $3.00 

Rural  Chemistry; 

An  Elementary  Introdaotlon  to  the  Study  of  the  Science, 
in  its  relation  to  Agriculture  and  the  Arts  of  Life.  By 
Edward  Solly,  Professor  of  Chemistry  in  the  Horticul- 
tural Society  of  London.  From  the  third  improved  Lon- 
don edition.     12mo $1.25 

Shunk.    A  Practical  Treatise 

On  Railway  CtTRYBS,  and  Location  for  Yottno  Engbtbbrs. 
By  Wm.  F.  Shunk,  Civil  Engineer.     12mo $1.06 

Strength  and  Other  Properties  of  Metals; 

ReportB  of  Experiments  on  the  Strength  and  other  Pro- 
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perties  of  HetaU  for  Cannon.  With  a  Desoription  of  the 
Machines  for  Testing  Metals,  and  of  the  Classifloation  of 
Cannon  in  service.  By  Officers  of  the  Ordnance  Depart- 
ment U.  S.  Army.  By  authority  of  the  Secretary  of 
War.  Illustrated  by  25  large  steel  plates.  In  one  rel- 
ume, quarto .$10.00 

The  best  Treatise  on  Cast-Iron  extant. 


Tables  Showing  the  Weight 


0*  Roi7i[»,  Sqdaiw  avd  Flat  Bab  Ibov,  Stbu,  «to.,  bj 
Mcssnrement.     Cloth SO 

Tavlor.    Statistics  of  Coal; 

Including  Mineral  Bituminous  Substances  employed  in 
Arts  and  Manufactures ;  with  their  Qeographioal,  Geo- 
logical and  Commercial  Distribution,  and  Amount  of  Pro- 
duction and  Consumption  on  the  American  Continent. 
With  Incidental  Statistics  of  the  Iron  Manufacture.  By 
R.  C.  Taylor.  Second  edition,  reyised  by  8.  S.  Halde- 
man.  Illustrated  by  fire  Maps  and  many  Wood  Bngrar- 
ings.     8ro.,  cloth $6.00 

TempIetoB.     The  Praclical  Exammator  on 
Steam  and  the  Steam  Engine ; 

With  Instruotire  References  relatire  thereto,  arranged 
for  the  use  of  Engineers,  Students,  and  others.  By  Wm. 
Templeton,  Engineer.     12mo 75 

This  work  was  oriffinally  written  for  the  author's  private  use.  He 
was  prevailed  upon  by  various  Engineers,  who  had  seen  the  notes,  to 
consent  to  Its  publication,  from  their  eager  expression  of  belief  tnat 
it  would  be  equally  useAil  to  them  as  it  had  been  to  himselt 

Tin  and  Sheet  Iron  Worker's  Instructor; 

Comprising  complete  Descriptions  of  the  necessary  Pat- 
terns and  BCachinery,  and  the  Prooesses  of  -Caloulating 
Dimensions,  Cutting,  Joining.  Raising,  Soldering,  etc., 
etc.     With  numerous  Illustrations.     (/n/n-eM.) 

Treatise  (A)  on  a  Box  of  Instruments, 

And* the  Slide  Rule ;  with  the  Theory  of  Trigonometry 
and  Logarithms,  including  Practical  Geometry,  Survey 
ing,   Measuring   of   Timber,   Cask  and    Malt    Gauging, 
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Heights  and  DistanoeB.  67  Thomas  Kentish.  In  one 
volume,  12mo / $1.00 

A  Tolume  of  inettimtkble  value  to  Englaeers,  Gaugera,  Studenti,  and 
others. 

TurubuU.    The  Electro-Magnetic  Telegraph: 

With  an  Historical  Acoonnt  of  its  Rise,  Progress,  and 
Present  Condltiou.  Also,  Practioal  Suggestions  in  regard 
to  Insulation  and  Protection  from  the  Effects  of  Light- 
ning. Together  with  an  Appendix  containing  several 
important  Telegraphic  Devices  and  Laws.  By  Lawrence 
Turnbull,  M.  D.,  Lecturer  on  Technical  Chemistry  at  the 
Franklin  Institute.  Second  edition.  Revised  and  im- 
proved. Illustrated  by  numerous  Engravings.   870. .$2.00 

Turner's  (The)  Companion; 

Containing  Instruction  in  Concentric,  Elliptic  and  Eccen- 
tric Turning ;  also  various  Steel  Plates  of  Chucks,  Tools 
and  Instruments ;  and  Directions  for  Using  the  Eccentric 
Cutter,  Drill,  Vertical  Cutter  and  Rest ;  with  Patterns 
and  Instructions  for  working  them.     12mo.,  oloth 76 

Bell.    Carpentry  Made  Easy; 

Or,  The  Science  and  Art  of  Framing,  -on  a  New  and  Im- 
proved System  ;  with  Speolfic  Instruotions  for  Building 
Balloon  Frames,  Barn  Frames,  Mill  Frames,  Warehouses,. 
Church  Spires,  etc. ;  comprising  also  a  System  of  Bridge 
Building ;  with  Bills,  Estimates  of  Cost,  and  Valuable 
Tables.  Illustrated  by  38  plates,  comprising  nearly  200 
figures.  B7  William  E.  Bell,  Architect  and  Practical 
Builder.     8vo $3.60 
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SOCIAL  SCIENCE. 

THE  WOBKS  07  BXSB.Y  C.  CABET. 


"  I  ohalleoge  the  production  from  among  the  writers  on  political 
economy  of  a  more  learned,  phllosophlcAl,  and  convincing  speculator 
on  that  theme,  than  mv  distinguished  feUow-citlzen,  Henry  C.  Carey. 
The  works  he  has  published  in  support  of  the  protective  policy,  are 
remarkable  for  profound  research,  extensive  range  of  inqufV)-.  rare 
logical  acumen,  and  a  consummate  knowledge  of  history.**— S^penA  0/ 
Hon.  Edward  Joy  MorrU,  in  the  Houu  of  RepresentaUvei  of  the  United 
StaUt,  FOfnary  3, 1859. 
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THE  WORKS  OF  HENRT  C.  CARET. 

"  H«nry  C.  Cam,  the  best  known  and  ablest  economist  of  North 
AmericA.  «  •  •  •  •  In  Europe  lie  is  principally  known  by  his 
striking  and  original  attacks,  basea  upon  the  peculiar  advantages  of 
American  experience,  on  some  of  the  principal  doctrines,  espocially 
Malthus' '  Theory  of  Population*  and  Ricardo^s  teachings.  His  yiews 
have  boon  lArgelv  adopted  and  thoroughly  discussed  in  Europe."— 
"  The  Gemum  Politiecl  Lexicon^^^  EdiUd  by  BtunUehli  and  BraSer,  UipHc, 

i8sa 

"  We  believe  that  your  labors  mark  an  era  in  the  science  of  political 
economy.  To  your  researches  and  ludd  arguments  are  we  indebted 
for  the  explosion  of  the  absurdities  of  Mai  thus.  Say,  and  Ricardo.  in 
regnrd  to  the  inability  of  the  earth  to  meet  the  demands  of  a  growing 
population.  American  industry  owes  you  a  debt  which  cannot  be  re- 
paid, and  which  it  will  ever  be  proud  to  acknowledge.— fVom  a  Letter 
of  Hon.  George  W.  Seran/om,  U,  C,  Hon,  WUHam  Jeetup,  and  over  eiaty 
if\/luential  citizem  qf  Luxeme  County.  Penntylvania.  to  aenry  C.  Careys 
ApHl  S,  1809. 

Financial  Crises; 

Their  Canses  and  Effects.     8yo.,  paper :» 25 

French  and  American  Tariffs, 

Compared  in  a  Series  of  Letters  addressed  to  Mons.  M. 
Chevalier.     8vo.,  paper 15 

Harmony  (The)  of  Interests; 

Agrionltaral,   Manufaotaring   and    Commeroial.      8ro., 

paper 75 

Cloth , $1.25 

**  We  can  safely  recommend  this  remarkable  work  to  all  who  wish 
to  investigate  the  causes  of  the  progress  or  decline  of  industrial  com- 
munitles.**— ^lodbiMMxTt  Magaxine. 

Letters  to  the  President  of  the  United  States. 

8yo.,  Paper 50 

Miscellaneous  Works; 

Comprising  "Harmonj  of  Interests,"  "Money,**  "Let- 
ters to  the  President,**  "French  and  American  Tariffs,*' 
and  "  Financial  Crises.*'    One  Yolnme,  8vo.,  half  bound. 

$2.25 

Money;  A  Lecture 

Before  the  New  York  Qeographioal  and  Statistical  So- 
ciety.    8ro.,  paper 15 
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THE  WORKS  OF  HENRY  C.  CARET. 

The  Slave  Trade,  Domestic  nnd  Foreign; 

Why  it  Exists,  and  How  it  m&y  be  Extiognished.   12ino., 
cloth $1.25 

CONTENTS.— The  Wide  Extent  of  Slavery— Of  Slavery  In  the 
British  Colonies— Of  Slavery  In  the  United  States — Of  Kmanclnntion 
In  the  British  Colonies — Hovr  Man  passes  from  Poverty  and  Slavery 
toward  Wealth  and  Freedom— How  Wealth  tends  to  Increase— How 
Labor  acquires  Value  and  Man  becomes  Free — How  Man  passes  from 
Wealth  and  Freedom  toward  Poverty  and  Slavery— How  Slavery 
grew,  and  How  it  is  now  mjiintained  in  the  West  Indies— How  Slavery 
rrew,  and  is  maintained  in  the  United  States— How  Slavery  grows  in 
Portugal  and  Turkey— How  Slavery  grows  in  India— How  Slavery 

E-ows  In  Ireland  and  Scotland— How  Slavery  grows  in  England— 
ow  can  Slavery  be  extinguished  t— How  Fre«dom  rrows  in  Northern 
Germany— How  Freedom  grows  in  Russia— How  Freedom  grows  In 
Denmark— How  Freedom  grows  In  Spain  and  BeU^um— Of  the  Duty 
of  the  People  of  the  United  States— Of  the  Duty  of  the  People  of  Eng^ 
land. 

**  As  a  phllflsophical  writer.  Mr.  Carey  la  remarkable  for  the  union 
of  comprehehnve  generalizations  with  a  copious  induction  of  facts. 
His  research  of  principles  never  leads  him  to  the  neglect  of  details ; 
nor  is  his  accumulation  of  instances  ever  at  the  expense  of  universal 
truth.  He  is,  doubtless.  Intent  on  the  investigation  of  laws,  as  the 
appropriate  aim  of  science,  but  no  passion  for  theorv  seduces  him 
Into  the  region  of  pure  speculation.  His  mind  is  no  less  historical 
than  phUosophicaJ.  and  had  he  not  choeen  the  severer  branch  in 
which  his  studies  have  borne  such  excellent  fruit,  he  would  have 
attained  an 'eminent  rank  among  the  historians  from  whom  the  literal 
ture  of  our  country  has  received  such  signal  illustration.'*— iVSns  York 
I'ribune, 


French  Polilico-Ecoriomic  Controversy, 

Between  the  Sapporters  of  the  Doctrines  of  Cabbt  and 
of  those  of  RiCARDO  and  Malthds.  By  MM.  De  Fontenay, 
Bnpnit,  Baudrillart,  and  others.  Translated  ftrom  the 
**  Journal  des  Economises,"  1862-63.     (/n press.) 

Protection  of  Home  LsAor  and  Home  Prodne- 
tions 

Necessary  to  the  Prosperity  of  the  American  ^rmer. 
By  H.  C.  Baird.     Paper iS 

Smith.    A  Manna!  of  Political  Economy. 

By  B.  Peshine  Smith.     12mo.,  cloth «..$1.26 
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